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Report of the Biological Survey of Mutsu Bay. 

15. Sipunculoidea.^) 

BY 

Hayao Sato. 

CBioIogiral Iii'Jtitute, T6hoku Imperial Umvemty, Soridai, Japan ) 

(With Pis I-IV and 15 text-figures ) 

INTRODUCTION 

The Sipunculoidca collected by the Biological Survey of Mutsu 
Bay are represented by nine species belonging to six genera. Of the 
nine species four may be regarded new to science. 

The following is the list of the species. 

(1) Stpunculm nudus Linnaeus. 

(2) Siphonosoma mourense, n, sp. 

(3) Physcosoma japonicum (Grube). 

(4) Physcosoma scoloj>s (Selenka el De Man). 

(5) Physcosoma fdaucum, n. sp. 

(6) Phascolosoma zenihahense Ikeda. 

(7) Phascohon ikedai, n. sp. 

(8) Dendrosloma blandum Selenka et De Man. 

(9) Dendrostorm hexadactylum, n. sp. 

'•Here I express my deep gratitude to Professor Dr. S. Hozawa 
for his help rendered me during the course of the present work. I 
also express my hearty thanks to Professor Dr. S. Hatai, Professor 
Dr. W. Fischer, Professor Dr. Van Der Horst, Professor Dr. L. 
CuENOT, Professor Dr. R. V. Chamberlin, Dr. A. Ten Broere, 
Professor Dr. T. Kawamuha, Professor Dr. T. Komai, Professor Dr. 
T. Uchida, Mr. Y. Ozaki, Mr. M. Ueno and Mr. S. Takatsuki, for 
their acts of kindness in various ways. 


OA contributlun from the Marine Biological Stabon, Aaannithi, AomorhKen. No. 
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DESCRIPTION OF THE SPECIES. 

Key to the genera of Sipunculoidea found in Mutsu Bay. 

I. Longitudinal muscle layer separated into bundles. 

A. Hooks absent. 

1. Tentacles leaf-like. Body surface divided into small rectan- 

gular areas. Introvert with tall, triangular scale-like papillae 
posteriorly directed Genus Sipunculus. 

2. Tentacles filamentous. Body surface shows no rectangular 
areas. No prominent scale-hke papillae on the introvert. . . 

Genus Stphonosoma. 

B. Hooks pi esent on the introvert. Filamentous tentacles arranged 
in a single semicircle above the mouth. Genus Physcosoma. 

II. Longitudinal muscle layer continuous. 

A. Two segmental organs. 

1 . Hooks absent. Numerous tentacles arranged in one or many 

rows around the mouth Genus Phascolosoma. 

2. Large hooks scattered on the introvert. Tentacles dendritic. 

. Genus Dendrostoma. 

B. One segmental organ. Tlie worms generally inhabit the 

Molluscan shells Genus Phascolion. 

Genus SIPUNCULUS Linnaeus. 

Each of the longitudinal and circular muscle layer is separated 
into bundles. Leaf-like tentacles present around the mouth. Hooks 
absent. Four retractor muscles present. Intestinal convolution coils 
spirally around the spindle-muscle terminating free from the body-wall, 
and is fastened to the body-wall by means: of numerous hxing-muscles 
arising from the latter. Two segmental organs exist. The Polian 
canals run along the oesophagus. Intcgumental canal runs along each 
of the longitudinal muscle-bands. Triangular scale-likp papillae are 
distributed on the introvert. 

1. Sipunculus nudus Linnaeus. 

(PJ. 1, Fig 1. Text-fig 1; 


StptmcufiM nudus, Linnaeus, 1766, Syst. Nat 12th edit p. 1078, W. KeFBasTElN, 
1860, p. 1 ; 1865, p. 418-419; 1867, p. 44-43; W. Baird, 1868, p. 77; J. Andrbae, 



SIPtlNCULOIDEA OF MUTSir BAY 


3 


18B1, p. 477-481; 1882, p 201-258, PI*. XII-XIII, E Seienka, 1883 -1884, p. 
92, 1885, p 22, H Ward, 1891, p 143-182, Pis. I-III; A. Shiw.ky, 1893, p. 
.327, 1899 (2\ p 158, W KmCHtR, 1895, p 9, 1914 (2), p 1-28, 1922 (2), p. 
5, PI XXVI, Figs .5-6, S MCTAuftKOVF, 1900, p. 261-322, PU XVII XXII; 
C SunTER, 1902, p. 5; H Addener, 1903, p 297-371, I, Ikeua, 1904, p 31; 
1905, p. 169, K Southern, 1913 (1;, p 1-46; J Gerould, 1913, p. 428, K 
CilAMRERLiN, 1920 (2), p 30, L CuKNOT, 1922, p 14, 1927, p 249, A, Ten 
Broere, 1925, p 2 

Two specimens of ihis species were obtained by Professor S. Hozawa 
at Moura in July, 1926. 

They are 140-2(M) mm in total length, and 10-13 mm, in width. 
The introvert which is half withdrawn, is about 20-30 mm. long, and 
is much narrower than the trunk. 

The surface of the trunk excluding the introvert is closely beset 
with small rectangular areas which are formed by the intersection of 
the longitudinal and circular muscle-bands. The skin of the body is 
thin and is somewhat translucent. In alcoholic specimens it is nearly 
white, tinged with .slight yellow. At the base of the introvert the 
skin is slightly bixiwn in colour. The introvert is covered with numerous 
scali'-like papillae which are triangular in surface view with their vertices 
directed posteriorly. Hooks are absent on both the introvert and the 
trunk. 'Fhe tentacular membrane consists of a pair of (right and left) 
broad lobes, each of which is divided into several leaflets. Of these 
leaflets, those lying dorsally are larger than the others lying ventrally. 

The longitudinal muscle layer is divided into 29-30 separate bands 
which do not anastomose except in the anterior region of the trunk. 
In the introvert they fuse together forming a continuous sheet. The 
circular muscle layer is also divided into numerous bands. Two pairs 
of short retractor muscles arise at the same level from the inside of 
the body-wall. The ventral pair (Text-fig. 1, vr) is attached to the 
2nd — 5th longitudinal muscle-bands, while the dorsal pair (Text-fig. 1, dr) 
is connected to the 9th-12th of the same. A spindle-muscle (Text-fig. 
1, sm) which springs from the 15th longitudinal muscle-band in front 
of the anus (Text-fig. 1, a), is not fixed posteriorly to the body- wall. 
Numerous fixing-muscles (Text-fig. 1, fm) which arise from the body- 
wall and the retractor muscles, ‘are attached to the intestinal convolu- 
tion (Text-fig. 1, ic). The intestinal convolution (Text-fig, 1. ic) consists 
of about 20 spirals and its anterior half shows double spirals. The 
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Polian canals (Text-fig. 1, pc) pass along the dorsal and the ventral 
sides of the oesophagus (Text-fig. 1, o). They are simple and have 
not any villus arising from them. The rectal diverticulum (Text-fig. 
1, rd) is not a globular sac but is an extraordinarily long tube attaining 



Text-fix- 1 Stputuulusnufius Lini^aevs specimen dissected showing 
the anterior part of the body a, onus, dr, dorsal retraetor muscles; 
fm, fixing-muscles, ic, intestinal convolution, n, ventral nerve-cord, o, 
oesophagus; pc, Polian canal, r, rectum; rd, rectal diverticulum, sm, 
spindle-muscle; so, segmental organ, t, tuft-like, organ , , vr, Ventral 
retractor muscles; wm, wmg-muscles xj 

the length of about 40 mm. It arises from the rectum (Text-fig. 1, r) 
nem* the point where the intestine begins to coil, and runs posteriorly 
along the spindle-muscle ending blindly at the middle of the intestinal 



SIPUNCUIXMOEA OF MUT8U BAY 


5 


convolution. A pair of tuft-like organs (Text-fig. 1, t) exists near the 
anus arising from both sides of the rectum and are fastened to the 
body-wall by means of the mesenteries. The segmental organ (Text- 
fig. 1, so) consitis of a pair of long tubes of about 25 mm. length and 
of a yellowish-gray colour The anterior one-fifth of their length is 
fixed to the body-wall by means of the mesenteries. Their external 
openings lie between the Ith and 5th longitudinal muscle-bands at 
the level far distant from the anus. The ventral nerve-cord (Text-fig. 
1, n) does not closely attach to the akin in the anterior region of the 
body. It IS accompanied hy two naiTow muscles which lun along 
both its sides and which are given off from the first longitudinal 
muscle-bands at the level of the apertures of the segmental organs. 
At the level of the introvert-base these two muscles are fused together 
into a broader muscle which terminates anteriorly m the same point 
where the nerve-cord also terminates. There is no eye-spot. 

Localities. — This species is cosmopolitan and occurs in the Medi- 
terranean Sea, North Sea, Red Sea, Indian Ocean, Adriatic Sea, along 
the southern coast of the United States of America, Panama, Spain, 
France, Malaca, the Philippine Islands, Italy, the Bismarck Archipelago, 
Istria, China, South Australia, etc. In Japan, Ikeda reported this 
species from Misaki, I'ateyama and the Inland Sea. In Mutsu Bay, 
it was obtained at Moura. 

Remarks. — Of the present species I should like to remark on the 
following points : (1) According to the following authors we learn 

that the longitudinal muscle layer is separated into 23-3i bands : 
Keferstein (1865, p, 419), 30 -32; Metalnikoff (1900, p. 278), 32; 
Ikeda (1904, p. 32), 30; Gekould (1913, p. 428), 31-32; Cdenot 
(1922, p. 14), 28-34 ; Ten Broeke (1925, p. 2) 30-33. In the speci- 
mens from Mutsu Bay, however, they are 29-30 in number, (2) 
Dealing with a specimen from Key West, Geuoued (1913, p. 428) 
reported on the segmental organs that nearly half their length is 
fastened to the body-wall by means of mesentery. In the specimens 
from Mutsu Bay, it is only the anterior one-fifth of each segmental organ 
that is fixed to the body-wall, as in the cases reported by other authors. 

Genus SIPHONOSOMA SPENGEL. 

The longitudinal muscle layer is separated into bands. The circular 
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muscle layer is usually continuous. Filamentous tentacles encircle the 
mouth as in the case of the genus Phascolosoma. Four retractor 
muscles are present. The intestinal convolution is fastened to the 
body-wall at both ends of the trunk. At the anterior part of the 
intestinal convolution, there occur a small number of fixing-muscles. 
There are two segmental organs. The Polian canal usually gives off 
numerous Polian tubules. The integumental canals art' cut into many 
isolated closed sacs, branched very irregularly. Nt) triangular scalelike 
papillae are present on the introvert. 


2 Siphonosoma mourense, n. sp. 

(PI I. Fiff 2-4) 

Many specimens were collected by Professor S. Hat At and Professor 
S. Hozawa at Moura on the 24th of August, 1926, by means of the 
“ ebiamt-dredge.” 

In the type specimen (PI. I, Fig. 2), the body measures about 
350 mm. in total length and 10 mm. in thicknt*ss. The length of the 
introvert is almost one-fifth of the trunk. 

The surface of the body has a light yellowish-brown colour when 
preserved in alcohol, and is beset with flat, elliptical papillae measuring 
about 0.06-0.25 mm. in major axis and 0.04-0.15 mm. in minor axis, 
'fhey are entirely transparent, and are glandular in structure. Neither 
hooks nor spines are present on the whole body surface. Numerous 
finger-shaped tentacles are present around the mouth. They are arranged 
in twelve regular radial row.s, and each row bears about 20 tentacles. 
The tentacles are arranged in a manner as shown in PI. I, Fig. 4. 

The longitudinal muscle layer is divided mto 22 bands. In the 
anterior region of the trunk they anastomose with each other and 
they fuse to form a continuous sheet in the region of the introvert. 
The circular muscle layer is continuous. Of the two pairs of slender 
retractor muscles, the ventral pair (PI. I, Fig. 3, vr) is. larger and 
springs from the 3rd-4th longitudinal muscle-bands a't the middle of 
the trunk, while the dorsal pair (PI. I, Fig. 3, dr) arises from the 
8th-10th longitudinal muscle-bands jBit the level more anteriorly located. 
The spindle-muscle (PI. I, Fig. 3, sm) is fixed to the body-wall at 
both its ends and gives off two lateral branches at the level where 
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the intestine begins to coil. Each of these branches is attached to 
the 8th longitudinal muscle-band at the point about 5 mm. distant 
anteriorly from the root of the dorsal retractor muscle. The posterior 
end of the spindle-muscle is divided into several long branches which 
are fastened separately to the skin at the posterior end of the body. 
A fixing-muscle (PI. I, Fig. 3, fm) which springs from the rectum 
(PI. I, Fig. 3, r) close to the intestinal convolution (PI. I, Fig. 3, ic) 
is attached to the first longitudinal muscle-band on each side by means 
of its two roots. Broad wing-muscles (PI. I, Fig. 3, wm) are attached 
to the rectum near the anus (PI. I, Fig. 3, a). The crescent-shaped 
dissepiments are entirely absent on the inner surface of the body-wall. 
The integumental canals are cut into numerous pieces and form isolated 
sacs which branch irregularly. Along the longitudinal muscle-bands 
there occur many KEraRSTElN’s bodies (PI. I, Fig. 3, kb). They are 
arranged m several regular longitudinal rows and all lie in front of 
the apertures of the segmental organs. They are small elongate blind 
tubules, and are soft to the touch. The long oesophagus (PI. I, Fig. 
3, o) is accompanied by a Polian canal (PI. 1, Fig. 3, pc) from which 
numerous short Polian tubules arise. The intestinal convolution (PI. 
I, Fig. 3. ic) consists of about 3(1 spirals and these are fixed posteriorly 
to the body-wall by means of the spindle-muscle. The rectum bears 
no diverticulum. The anus (PI. 1, Fig. 3, a) is situated between the 
lOth-llth longitudinal musclebands on the dorsal side of the body. 
Two segmental organs (PI. I, Fig. 3, so), forming a pair of slender 
and tolerably long tubes of a reddish-brown colour, measure about 
30 mm. in length and are entirely free from the body-wall. Their 
external apertures lie between the 3rd and 4th longitudinal muscle- 
bands almost at the same level as the anus. None of the eye-spots 
can be detected on the ganglion. 

Locality. — Moura. 

Remarks. — This new species seems to be closely allied to Sip/uf 
nosoma cumanense (Keferstein), Siphonosoma edule (Slutteh), Sipho- 
nosoma billitonense (Sluiter), Siphonosoma carolinense Spengel and 
Siphonosoma novae-pommeraniae Fischer. The main characteristics 
by which these species may be distinguished from each other are shown 
in the following table: 
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I. Hooks absent. 

II. Apertures of the sepmental organs not behind the anus. 

III. Papillae on the introvert not exceedingly tall. 

IV. 20-30 longitudinal muscle-bands (exceptionally 18-21 in 
Stphonosoma carolinense Spengel). 

Vi, Crescent-shaped dissepiments present. 

.Siph. cumanense (Kekerstein). 

Siph. edule (Sluiter). 

... . . Siph. bilhtonense (Sluiter). 

. Siph. carolinense Spengel. 

Vj Crescent-shaped dissepiments absent. 

VI,. Each of the retractor muscles arises from nearly the 
same level. . Stph. novae-pommeraniae FisCHER. 

VIj. Each of the retractor muscles arises from different 
levels. . . . Siph. mourense, n. sp. 

Augener (UK)3) reported that, (1) the Keferstein’s bodies are 
found only in Siphonosoma cumanense (Keferstein) ; (2) in the Indian 
specimens they were mostly present on the anterior region of the 
body-wall, while in the American specimens they were found both on 
the anterior and the posterior regions of the body-wall ; (3) they were 
not always closely attached to the body-wall as mentioned in the 
description given by Kkffr.stein ; (4) the bodies are regular or irre- 
gular in arrangement. Ikeda (19()4, p. 34) reported on these bodies 
of the Japanese specimens that : these structures, “ Ovale Gebilde ”, 
are seen as small oblong bodies closely adhering to the inner surface 
of the body-wall in Stphonosoma cumanense (Keferstein), while they 
are not found at all in Stphonosoma amamiense (Ikeda). Spengel 
(1912, p. 271-272), however, pointed out that the bodies are the 
characteristic of the genus Siphonosoma. Lately, Fischer (1926, p. 
105) recorded these bodies under the term of “ Zottenartige Anhange ” 
in the case of Siphonosoma novae-pommeraniae. In the specimens 
from Mutsu Bay the Kefer.stein’s bodies are observed as rather elongate 
sacs which are arranged in several regular rows. 

Genus PHYSCOSOMA Selenka. 

The longitudinal muscle layer is separated into bands. Finger- 
shaped tentacles are arranged in a semicircle above the mouth. 
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! Hooks are usually present. There are two or four retractor muscles. 
A spindle-muscle around which the intestine coils siprally is fixed to 
the body-wall at both ends. One or more fixing-muscles are present. 
There are two segmental organs. The dermal papillae are remarkably 
large. The dorsal vessel is generally simple. 

Key to the species of Physcosoma found in Mutsu Bay. 

I. Hooks strongly curved at apex. Body shows a yellowish-brown 
colour. 

A. The canal-like space in the hiKik is simple. No pigmented 
tran.sverse mai kings on the dorsal side of the introvert. 

Physcosdtna japonicum {Gkubk). 

B. The cannl-like space in the hook is forked. Several pigmented 
transverse mat kings exist on the dorsal side of the introvert. 

Phyncosoma scolopi (SEI.ENKA et De Man). 
II Hooks not strongly curved at ai>ex. Body shows a greenish-bluc 
colour Physcosoma fflamum, n. sp. 

d. Physcosoma japonicum (Guube). 

(PI 1. I'lR .S. Text fiR 2 ) 

Phatiolowma ja/mnuum. ClR|lH^ lK7r, ViorundfdnfziR'.tor .luhresboriihl dcr S(hles 
(icselUchttft fur vaterlandisthe Cultur, Brc«ilau, p 7:t 

Phymosoma japonirum {Gwnhk t Si i fnka, p 220-222, 1«H3 p 76, PI 
11, Firs 18-10, PI X, Firs 1 15-110, 1885, p 21, W. Fist iiKH, 1895, p 12; 
I iKtDA, 1901, p 22 

Phpacnvma japmucum (Gmi»P.\ A Ostroomov, 1909, p 319-321, W. FistHhH, 
1911 (2), p 1-28. 1922 (2), p. 1,1. K f.HAM8HU.iN, 1920 (Ij, p 5. 

Several specimens of this species were taken off Tairadate, off 
Umayapri and off Ozawa 

The body (PI. I, Fig .’i) has a total length of 3t)-.57 mm., and a 
thickness of 2-7 mm. The introv<«rt is about one-third of the total 
body-length, and much narrower than the trunk. 

The skin is opaque, yelltiwish-brown in colour, and convered with 
numerous large papillae of a deep brown colour. They are more 
crowded in the region of the introvert-base and the posterior end of 
the body. These papillae are somewhat elliptical in the surface view, 
and each is provided with a small aperture in the center. Each papilla 
is thickly covered with numerous polygonal chitinous plates. At the 
mtrovert-base and at the posterior end of the body, these papillae are 
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extremely tall, measuring 0.095-0.19 mm. m height, while in the middle 
region of the trunk they are small and low measuring only 0.07- 
0.105 mm. in height. At the anterior end of the introvert, behind 
the tentacular crown, there are 27-70 rows of hooks. The hooks are 
about 0.024-0.066 mm. high and are of a deep reddish-brown colour. 

Each hook (Text-fig. 2) has a strongly curved 
apical tooth accompanied by a small blunt 
accessory tooth in the middle of its concave 
edge. In side view, the hook shows a canal- 
like transparent streak which bends sharply 
m the middle region of the hook. A short 
transverse bar is present at the base of each 
hook. Close to the posterior end of the bar, 
there occur a number of minute warts arranged 
in one row. Between every two rows of the 
hooks there are small perforated papillae 
arranged in a circular row, each of these 
papillae measuring about 0.01 mm. both in height and width. The 
finger-shaped tentacles, 14-24 in number, present above the mouth, 
are arranged in a single semicircle. 

The longitudinal muscle layer is separated into 22-26 bands. They 
are anastomosed here and there with each other, and in the region 
of the introvert they are fused into a continuous sheet. The circular 
muscle layer is continuous. Of two pairs of retractor muscles, the 
ventral pair arises from the 3rd-9th longitudinal muscle-bands in the 
posterior region of the trunk, while the dorsal pair arises far anteriorly 
from the 6th-8th longitudinal muscle-bands. A spindle-muscle arises 
from the body-wall in front of the anus and is fixed to the posterior 
end of the body. A fixing-muscle springs from the left side of the 
nerve-cord in close approximation to it, and terminates in the first 
whorl of the intestinal convolution. A pair of stout wing-muscles is 
attached to both sides of the rectum. The intestinal convolution has 
8-14 spirals. No Polian tubules are found on 13ie Pdlian canal which 
runs along the dor^l side of the oesophagus. The rectal diverticulum 
is absent. The anus is situated almost at the same level with the 
external apertures of the segmental organs. The segmental organs 
are brown in colour, and the anterior half of their length is connected 



Text-fig. 2 Physmuiima 
japmacum (Gatinf.) Sido 
view of a hook on the 
introvert x 400, 
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with the body-wall by means of mesentery. A pair of eye-spots are 
visilbe on the ganglion. There is a pair of gonads along the base 
of the ventral retractor muscles. 

Localities. — Port Jackson ; Port Natal ; De Castries Bay ; Sidney ; 
New Britania and British Columbia. In Japan this species was obtained 
from Hokkaido, Misaki, Knoura. Enoshima, Satsura and Nokabuta. 
In Mutsu Bay it ficcurs at Tairadate, Umayajiri and Ozawa. 

Remarks. —The hooks are exceedingly small in size comparing 
with those of the specimens collected from the other localities. It is 
reported by Sei.enka (1883-1884, p. 76) in his monograph that the 
tentacles are 28 in his specimen, while we found 14-24 tentacles in 
the specimens from Mutsu Bay. Selenka (1883-1884, p. 76) also 
reported that the fixing-muscle of the species is simple and not forked 
as in the case of Physco.soma scolops (Selenka et De Man), while in 
the specimens from Mutsu Bay there is not a simple hxing-muscle 
but a forked one. 

4. Physcosoma scolops (Selenka et De Man). 

(PI II. Fibs 9-10. Text-fig 3) 

Phymoioma icohp,, Sci.rNKA et Dh Ma.n. 18«3-1884, p 75. PI II, Fig 17. Pi. X, 
Figi. 1.18-144. 1885. p 21. C. Su'itkr. 1890, p 119. W Fischer, 1892, p 86, 
A. CotiiN, 1901, p .104. H AiiOKNUt, 1903, p 297-371, I Ikepa, 1904, p 20, 
M. A Heruhm, 19(H. p 47(>-480, Text-fig. 1. 1907. p. 221 
PhyacoKma scolops (,Sh.knka el Dh Man), A. Shipliy, 1898, p 56, 1818) (I ', p. 470; 
1899 ( 2 ;, p. 156. 1899 (3), p 1899, 1902, p 1.35; 1903, p. 174, C. Sluitkr, 
1898, p -143, 1902, p. 12. W F LANcHUSTtH. 1905(1), p. 28; 1905 ( 2 ), p .30; 
1905(31, p .36. W Fischcr, 1913, p 98; 1914 (1), p 59-84, PI. XI, Figs 6-8; 
1914 ( 2 ), p 1-28; 1922 ( 2 ), p 15, 1926 (1), p. 108; I. Ikeda, 1924, p 31, A. 
Ten Brof.ke, 1925, p 6 

Many specimens were collected from Futagojima, Asamushi, Tsuchiya, 
Sai, off Kanita and off Tairadate. 

The whole body measures about 25-50 mm. in length and 1.5-4 mm. 
in thickness in a fully extended state. The introvert is about one-third 
of the entire body length, and is much narrower than the trunk. 

The yellowish-brown coloured body-wall is thin and is covered with 
numerous large papillae of a - deep brown colour. Each papilla is 
cylindrical in form with a conically pointed tip and is thickly beset 
with numerous polygonal chitinous plates leaving a small aperture in 
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the centre. These papillae found at the introvert-base and at the 
posterior end of the body, are extremely tall. The measm-ements of 
the height and the width of the papillae are shown in the following 
table : 



Speii 

imen A 

Specimen B 

1 Specimen C 


1 Height 

1 Width 

1 Height 

1 Width 

j Height 

j Width 

Papilla from introvert 


i 

0.11 mm 

j 0.08 mm 

1 0.08 mm 

, i 0 l.T mm 

Papilla from introvert- 

;o.3:.mm 

'■0 3:5mm 

o.;;r)mm 

j 0.25! mm. 

0. :52 mm 

0.17 mm 

Papilla from lh<' middle 
region of trunk 

0.15! mm 

O.Ulmm 

0 14 mm 

j 0 15 mm 

0.15 mm 

i 0.17 mm 

Papilla from the pos- 
terior region of trunk 

io S!9mm 

0 5.-Smm; 

0.5!:imm 

O.Slmml 

0 . 2.”. mm, 

.;o.27mm 


On the dorsal surface of thi- introvert there are usually numerous 
pigmented bands of a dark brown colour Hooks are arranged in 
15-2.5 circular rows at th(‘ anterior end of the introvert. Each hook 
'is about 0.0.36-0.07 mm. both in height and width, and is deep reddish- 
browm in colour. It has a strongly curved 
apical tooth and a very small accessory 
tooth. In a side view of the hook, we 
notice a canal-like tran.sparent streak as 
-.hown m text-fig. 3. A short transverse 
bar, having several minute warts close 
to its posterior end, is present at the 
base of the hook. Between every two 
rows ot the hooks there exist small per- 
forated papillae about 0.0] mm. in height 
and width arranged in circular rows. 

The tentacles are 16-24 in number and 
are arranged in a semicircle above the mouth. '' ’ 

The longitudinal muscle layer of the, body-wall is divided into 20- 29 
bands. They are usually separated from each other but are often 
ana.stomosed. In the region of the introvert they are perfectly fused 
into a continuous sheet. The circular muscle layer is continuous. 



Text-fiR. 3 Phi/wisoma 
/opsCSKUKNKA et De Man) Side 
view of o hook on the introvert 
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Two pairs of slender retractor muscles are present. The ventral pair 
(PI. II. Fig. 10, vr) of the muscles arises from the 2nd-7th longitudinal 
muscle-bands at the level of one-fourth of the body-length from the 
posterior end of the body. The dorsal pair (PI. II, Fig. 10, dr) is 
narrower than the ventral, and arises from the 5th-9th longitudinal 
muscle-bands at a level placed more anteriorly than that of the latter. 
A spindlemuscle (PI. II, Fig. 10, sm) arises from the body-wall in 
front of the anus, and is fixed to the posterior end of the trunk. A 
fixing-muscle (PI 11, Fig. 10, fm) arises from the Ixidy-wall at the 
left side of the nerve-cord (PI. II, Fig. 10, n) in close approximation 
and insert to the first whorl of the intestinal coil. Wing-muscles (PI. 
II, Fig. 10, wm) are attached to the rectum (PL II, Fig 10, r) near 
the anus. The intestinal cxinvolution (PI. II, Fig. 10, ic) consists of 
about 5-15 spirals which coil around the spindle-muscle. A simple 
Pollan canal is found only on the dorsal side of the oesophagus (PI. 
11, Fig 10, o). 'I'here is no diveiticulum upon the rectum. The anus 
(PI. II, Fig. 10, a) IS situated almost at the same level with the external 
apertures of the .segmental organs (PI. II, Fig. 10, so). 'ITie st^gmental 
organs are long tubes of a reddi.sh-brown colour, and their anterior 
half is fixed to the body-wall by means of the mesenteries. Two 
eye-spots (PI. II, Fig. 10, <>.s) are found on the ganglion. 

hx-alities. — This cosmopolitan species has been obtained from the 
Philippine Islands, Singapore, the Red Sea, Batavia, Zanzibar, West 
Africa, Funafuti, the l..oyalty Islands, the Indian Ocean, Germany, the 
Maldive and Laccadive Islands, New Zealand, Tasmania, Ceylon, 
France, British Fast Africa, Penang of the Malay Peninsula, the 
Gulf of Suez, Java, Port Natal and New-Bntain, In Japan, according 
to 1kf.da (1904, p. 21 ; 1924, p. 31) it was previously collected from 
the Hokkaido in the north and from the Riukiu Islands in the south. 
In Mutsu Bay the species was found at Futagojima, Tsuchiya, Sai, 
Asamushi. tiff Kanita and off Tairadate. 

Remarks. — Three varieties of this species have been reported by 
E. Selenka, M. a. Herubel and W. Fischer ; They are Physcosoma 
scolops (Selenka et 1)e Man) var. mossambicense Selenka et De 
Man (1883-1884, p. 76, PL X, Pig. 144), Physcosoma scolops (Selenka 
et De Man) var. adeniiculatum Herubel (1904, p. 476-480) and 
Physcosoma scolops (Selenka et De Man) var. tasmaniense Fischer 
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(1914 [2] p. 1-28). The specimens before me differ from the second 
variety in posessing the warts at the base of the hooks, and from 
the third variety in the shape of chitinous pktes covering the papillae 
as well as in the absence of the sharp accessory tooth on the hook. 
The first variety, Physcosoma scolops *(Sei.enka et De Man) var. 
mossatnbicense Selenka et De Man, according to Sei.enka, differs 
firom the present species in the colouration of the body, in the opaque 
skin, in the number of rows of hooks, in the shape; of the transparent 
parts of the hooks and in the absence of the accessory tooth. In the 
specimens from Mutsu Ray, however, those characters above mentioned 
seem not to be constant but are rather variaUe, and thus I am inclined 
to consider that Physcosoma scolops (Selenka et De Man) and 
Physcosoma scolops (Selenka et De Man) var. mossambicense Selenka 
et De Man are such closely allied forms that it seems to be rather 
preferable not to separate them. In several specimens collected from 
Tsuchiya and Futagojima, the characteristic pigmented marking on 
the dorsal side of the introvert is absent. Refering to this marking, 
Ikeda (1904, p. 22) also stales : — “ The specimens I collected on the 
shore of the Aomori Bay, are entirely devoid of the characteristic 
markings on the introvert”. By Selenka (1883-1884, p. 75) it is 
reported that the number of rows of hooks is 15-17, but in the 
specimens from Mutsu Bay they are 15-25. The shape of the trans- 
parent canal-like streak of the hook is rather variable and does not 
show any constant feature as represented in the figures of Selenka’s 
monograph. The accessory tooth is distinctly visible in some of our 
specimens, while the others are entirely devoid of it as in the case 
of Fischer’s specimens from Wahrberg (1922 [2], p. 15). According 
to Selenka (1883-1884, p. 75), the height of the hook is 0.07 mm. 
while in the specimens from Mutsu Bay it is 0.036-0.07 ram. By 
Selenka (1883-1884, p. 75) and the other authors it is reported that 
the number of the tentacles is 12, while in the specimens from Mutsu 
Bay it is 16-24. According to Selenka (18^1884, p. 75), Fischer 
fl926 [1], p. 108) and Lanchester (1905 [1], p. 2^), the number of 
the longitudinal muscle-bands is 20-21, 22 and 17-19 respectively, 
while in the specimens from Mutsu Bay it is 20-29. Selenka (1883- 
1884, p. 75) and Ikeda (1904, p. 20) reported that the fixing-musde 
of this species is forked at the point of attachment to the intestinal 
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Convolution, while in the specimens from Mutsu Bay the fixing-muscle 
is not always forked, the majority being simple. In one of the 
specimens from Mutsu Bay there is a globular body attached to the 
dorsal side of the oesophagus. The body seems to be quite similar 
to the body reported by Ikeda (1904, p. 23) in die case of Physcosotna 
japonicum (Grubr). 

5. Physcosoma glaucum, n. sp. 

(PI 1. Rk 6. PI II, FigB. 7-8, Text-fig. 4) 

Two specimens were collected at (Jrata on the 13th of July, 1926, 
by Mr. S. Takatshki. 

The type specimen (PI. II, Fig. 7) is small and is about 30 mm. 
long and 5 mm. wide. The introvert measures about 8 mm. in an 
almost contracted state. 

Both on the anterior and the posterior regions of the trunk the 
skin shows a light greenish-blue colour, and in the middle it has a 
greenish tint. Near the anus the skin shows a deeper brown colour. 
The skin is thin and more or less translucent. The whole surface of 
the body is covered with numerous papillae which are of a deep 
brown colour. Those placed in the region of the introvert-base are 
the largest and those on the introvert are the smallest, as the following 
table shows. 




j Height 

Width 

Papillae o 

n the introvert 

I O.0rM).08mm 

0.066-0.11 mm 

Papillae a 

t the introvert-base 

1 0.12-0.21 mm. 

0.14-0.21 mm 

Papillae ii 

n the middle region of body 

1 O.CIj-O.OaSmm. 

0.066-0.18 mm. 

Papillae in the posterior region of body 

1 0.10-0.186 mm. 

0.12-0.laram. 


About 50 rows of hooks are present behind the tentacles on the 
introvert. Elach hook (TeXt-fig. 4) is small in size, measuring about 
0.04 mm. in height and 0.056 mm. in breadth and is deep brown in 
colour. The apical to(>th of the hook is not so strongly curved as in 
the case of Physcosoma japonicum (Grube). A transparent canal-like 
streak which runs inside of the hodc, is sharply bent ,at the middle. 





16 


H. SATO 


A short transverse bar and several minute warts arranged in one row 
are found at the base of the hook. The perforated papillae are 
scattered sparsely among the hooks. They 
are about 001-0.02 mm. in the diameter of 
J the base. Nine filamentous Umtacles are 

J I N. arranged in a semicircle above the mouth. 

I The longitudinal muscle layer is divided 

into many separate bands, several of which 
Text-fiK 4 Phyacosoma are anastomosed. They are 2S in number 

glaucum sp S.de v.e« 
of a hook on the introvert 

24 at the posterior region. In the region 
of the introvert these bands are entirely 
fused into a continuous sheet. The circular muscle layer is continuous. 
Of the four retractor muscles, the ventral pair (PI. 11, Fig. 8, vr) is 
larger than the dorsal and springs from the 2nd-8th longitudinal 
muscle-bands at the middle region of the trunk, while the dorsal pair 
(PI. II, Fig. 8, dr) arises far anteriorly from the 4th-5th longitudinal 
muscle-bands. A simple stout spindle-muscle (PI. II, Fig. 8, sm) which 
arises in front of lh<‘ anus is fixed to the posterior end of the body 
at its extremity. One fixing-muscle (PI. II, Fig. 8, fm) arises from 
the first longitudinal muscle-band on the left side of the trunk, and 
each of its two roots is attached respectively to the oesophagus (PI. 
II, Fig. 8, o) and rectum (PI. II, Fig. 8, r) at the region where the 
intestine begins to coil into a spinal. A pair of wing-muscles (PI. II, 
Fig. 8, wm) are attached to the lateral sides of the rectum near the 
anus. The intestinal convolution (PI. II, Fig. 8, ic) consists of 13-14 
spirals and its posterior end is fixed to the trunk by means of the 
spindle-muscle. No diverticulum is present upon the rectum. The 
anus (PI. II, Fig. 8, a) is situated slightly behind the external apertures 
of the segmental organs A Polian canal (PI. II, Fig. 8, pc), without 
tubules upon it, is found running along the dorsal side of the oesophagus. 
The segmental organ (PI. II, Fig. 8, so) consists of two large sacs of 
a yellowish-gray colour and each is furnished with a protuberance in 
the middle. Their external apertures lie between the 2nd and 3rd 
longitudinal muscle-bands. The anterior one-third of each segmental 
organ is fixed to the body-wall by mesentery. A pair of eye-spots 
(PI. II, Fig. 8, es) is seen on the ganglion. On the internal surface 
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of the body-wall, behind the ganglion, there is a narrow transverse 
marking of a deep green colour. 

Locality. — Urata. 

Remarks . — This new species may be distinguished from the other 
members of the genus by the shape of the hooks and by the charac- 
teristic gi-c-enish hlue colour of the skin. 

Genus PHASCOLOSOMA F. S. LeuKAKT. 

The longitudinal muscle layer is continuous. Tentacles are finger- 
shaped or leaf-shaped, and encircle the mouth in one or many rows 
or groups. Hooks may or may not be present on the introvert. Two 
or four ndrartor muscles are present. Generally a spindle-muscle is 
also present. Tlie antiTior portion of the intestinal convolution is 
fixed to the body-wall by one or more fixing-muscles, while its posterior 
end IS usually fiee from the body-wall. There are two segmental 
organs The dermal papillae are small in most species. 

6. Phascolosoma zenibakense Ikeda. 

(PI in, Fiks 11 12, Tcxt-fiti 5) 

Phascolnwma ifnihakense, Ikh>a, 192t, p. 29, PI 1, Fi|? 1 

Only one specimen was collectwl by Professor S. Hozawa and 
Mr. S. Takatsuki on the 23rd of July, 1926, off the Asamushi 
Marine Biological Station by means of a dredge. The specimen was 
so well preserved in alcohol that the introvert entirely protruded from 
the trunk. 

The animal (PI. Ill, Fig. 11) is tolerably large. The whole body 
measures about 100 mm. in length and 6-14 mm. in thickness, while 
the introvert is about 40 mm long and has a uniform width of aliout 
3.5 mm. The posterior end of the trunk is more or less conically 
pointed. 

The ground colour of the skin is a light yellowish-gray, but at 
the anal region it shows a deep brown colour. The skin appears 
nearly smooth to the naked eye, but there can be detected sparsely 
dispersed small papillae when observed under high magnification. The 
papillae found on the trunk, excepting the posterior region, are cylin- 
drical in form and are of nearly equal height. Those on the posterior 
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region of the trunk are inferior in height to those above mentioned. 
The width of the papillae is variable in accordance with the region 
of the body where they occur, as shown in the following table. 




Height 

Width 

Papillae on 

1 the introvert 

1 About 0.0d2C mm 

About 0.0175 mm 

Papillae at 

the introvprt-basc 

j 0.042fi mm 

0.C262mm 

Papillae in 

the middle resion of body 

! .. 0.0425 mm 

0.0.125 mm 

Papillae in 

the posterior end of body 

j „ 0.0.100mm 1 

„ 0.0276 mm 


Neither hooks nor spines are found on the introvert. The tentacles 
are filamentous and are very numerous, estimating over four hundred. 
They are arranged in 20 radial double rows, each of which bears 
10-16 tentacles. 

The longitudinal muscle layer is continuous. The inner surface of 
the body-wall shows a pearly luster. Two slender retractor muscles 
(PI. Ill, Fig. 12, rm) arise from the middle of the posterior one-third 
of the trunk and fu.se together into one at the anterior portion of the 
intnivert and cover the oesophagus (PI. Ill, Fig. 12, o). A single 
stout spindle-muscle (PI. Ill, Fig. 12, sm) arises behind the anus (PI. 
Ill, Fig. 12, a) and its posterior extremity is set free from the body- 
wall. There are three slender hxing-muscles (PI. Ill, Fig. 12, fm), of 
which two arise from the dorsal wall of the trunk and attach themselves 
to the first whorl of the intestinal convolution, while the remaining 
arises also from the dorsal wall, far distant anteriorly from the former, 
and is attached to the oesophagus. Well developed wing-muscles (PI. 
Ill, Fig. 12, wm) are found upon both lateral sides of the rectum 
near the anus. The intestinal convolution (PI. Ill, Fig. 12, ic), which 
coils around the spindle-muscle, consists of about 25 double spirals. 
It is posteriorly free from the body-wall. Numerous and sometimes 
branched Polian tubules (Text-fig. 5, pt) are present upon the Polian 
canal (PI. Ill, Fig. 12, pc) which passes alon^t the Vlorsal side of the 
oe.sophagus. The segmental organs (PI. Ill, Fig. 12, so) which consist 
of two small sacs of a deep reddish-brown colour, hang free into the 
body cavity, and their external apertures lie slightly distant from and 
in front of the anus. A pair of gonads (PI. Ill, Fig. 12, g) is found 
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lying along the base of each retractor muscle. There are two eye-spots 
on the ganglion, and there is a large diverticulum (PI. Ill, Fig. 12, rd 



Text-fif; 5 Phatciiloeoma zenihakenae Ikeda Magnified view of a 
portion of the digestive canal, a, anus, fm, fixing-museles ; ic, intestinal 
convolution; o, oesophagus, pt. Pohan tubules, r, rectum: rd, rectal 
diverticulum, sm, spindle musile, wm, wing-muscles x7. 

and Text-fig. 5, rd) upon the rectum. 

Localities. — Hokkaido, Japan (1924, Ikkda) . Off the coast of 
Asamushi Marine Biological Station. 

Remarks. — The specimen here dealt with seems to agree fairly 
well with the description and figures given by Ikeda (1924, p. 29), 
but shows some differences indicated in the following table. 



Ikboa’s description 

The specimen from Mutsu Bay 

Trunk. 

66 mm. in length 

10 mm in thickness 

60 mm. in len^h 

10 mm. m thiduiess 

Introvert 

much narrower thsrn. but nearly 

40 mm. in lengBi 

as long as, the trunk 

3.6 mm. in thickness 

Papillae 

about O.OO mm high 

about 0.04 ram. high 

about 0.025 mm. wide 

about 0.03 mm. wide 
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Ikeda’s description |The specimen from Mutsu Bay 

Tentacles 

not less than 21)0, in about 1 not less than 400, in about 
20 regular rows , 20 regular double rows 

Retractor muscles 

arise from the middle of the . 

posterior two-thirds of the , arise from the middle of the 
distance between the anus | posterior one-third of the 
and the posterior end of the 1 length of the trunk 

Intestinal convolution 

consists of about 30 spirals , consists of about "-t spirals 

Rectal divcrtiiulum 

absent ; present 

Eye spots 

absent ' prc'sent 


Genus PHASCOLION Theel. 

The longitudinal muscle layer of the body-wall is perfectly con- 
tinuous. Tliere Is only one segmental organ. One oi- two retractor 
muscle.s are present. A single row of tentacles appears around the 
mouth, and numerous, recurved small spines often occur in a zone 
behind the tentacles. In most species, numerous attaching papillae, 
each of which is capped with one or more spines, are arranged in 
a broad band encircling the body. ITie body is generally twisted 
into spirals. The worms usually inhabit the shells of Gastropods or 
Scaphopods, but sometimes they also live in the tubes of Annelids or 
in those constructed by themselves. 

7. Phascolion ikedai, n. sp. 

(PI III, Firs 13-17. TexMiRs &-9) 

Many specimens were obtained by Professor S. Hozawa and Mr. 
S. Takat.suki from the muddy-bottom of Mutsu Bay at a depth of 
about 30 fathoms by means of a scrape-dredge. The worm lives in 
a state of commensalism with a Madreporarian coral, Stephanoceris 
carthausi Felix (PI. Ill, Figs. 13-14). This worm was first found by 
Dr. UCHIDA in the coral above mentioned which was sent to him by 
Professor Hozawa for identification. 

In the specimen (PI. Ill, Fig. 15) selected as the type, the length 
of the trunk is about 7 mm., and the introvert is about two-thirds of 
the length of the trunk. The trunk is covered with a great number 
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Text-hg 6 Phftm olion ikeclai, n sp. 
iJo view of papillae on the introvert. 


of large and flat papillae. Those distributed on the anterior one-third 
of the trunk are exceedingly large, being 0,05-0.1 mm. high and 
0.09-0.35 mm. wide, and form the 
attaching papillae, “ Haftpapillen 
On the introvert and at the introvert- 
base, the papillae are much smaller 
than tho.se found in other regions of 
the trunk and each of them is closi'Iy 
beset with numerous polygonal plates. 

At the introvert-base the papillae 
(Text-fig. 7) arc arranged in more 
or less regular rows and measure 
about 0.035-0.02 mm. in height and 
0.08-0.015 mm. in width at the base. 

On the introvert the papillae (Text- 
fig. 6) are cylindrical in form measur- 
ing about 0.07-0 05 mm. in height 
and 0.027-0.01 2 mm. in width About 
40-80 attaching papillae are scattered 
on the surface of the trunk Kach 
of the papillae distributed on the 
convex surface of the trunk bears 
a large spine (I’l. Ill, Fig. 17) while 
that disposed on the concave surface 
is furnished with a small one (PI. 

Ill, Fig. 16). The papillae which 
are placed near the mid-ventral line 
are entirely devoid of spines. Near 
the anterior end of the introvert, immediately 
behind the mouth, there is a group of small 
spines, one of which is indicated in Text-fig. 

8. No tentacles can be detected on the intro- 
vert. 

The longitudinal mu.scles of the body-wall 
form a continuous layer. Only. one retractor 
muscle (Text-fig. 9, rm) with two short roots 
arises from near the posterior end of the body. The intestinal con- 



Texl-fig. 7 PhascoUon tkedai, n sp. 
Surface view of papillae at the intro- 


Text-fig 8 Phtacolion 
tkedai, n. sp. A beak- 
shaped spine on the an- 
terior end of the introvert. 
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volution (Text-fig. 9, ic) consists of a few irreguleir spirals. A large 
»ngle segmental organ (Text-fig. 9, so) is found on the right side of the 



Trxt-Hg 9 Phascolion iKcdai, n. sp Specimen dissected, 
a, anus; ic, mtcstina] convolution, mf, muscle fibers, n, ventral 
nerve-cord; o, oesophagus, r, rectum, rm, retractor muscle. Xl4. 

nerve-cord, and is fixed to the body-wall by the several stout muscle 
fibers (Text-fig. 9, mf). The aperture of the segmental organ is 
situated far anteriorly from the anus (Text-fig. 9, a). 

Remarks. — This new species closely resembles Phascolion coUare 
Selenka et De Man in general features, l&ut, Itowever, it differs 
from the latter in the following points : — (1) The arrangement and 
form of the spines set on the attaching papillae on the concave surface 
of the trunk. (2) The situation of the aperture of the segmental 
organ. (3) The size of the body. 
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The most interesting point in regard to this new species is the 
fact that it lives in a state of commensalism with a Madreporarian 
coral, Stephanocens carthaust Feux. In regard to the commensalism 
between the Sipunculoid and the coral there have been reported by 
Semper (IH72), Mosely (1881), Alcock (1893), Bouvier (1895), 
SiAJiTEU (1902) and Ikeda (1922), cases in several species of the 
genus Asptdosiphon. But there is no record in the case of the genus 
Phascohon except for Ikeda's paper. In that report, he has dealt 
chiefly with the ecological observations on the commensalism between 
these two animals (the specimens obtained from Sagami Sea). Con- 
cerning the identification of the species of the worm, he only suggested 
that it IS undoubtedly a new species belonging to the genus Phascolion, 
concluding from the presence of a single segmental organ, the presence 
of the attaching papillae capped with large spines and the presence 
of other features characteristic to that genus. But the specific name 
was left undetermined. 

In the specimen from Mutsu Bay, there is inserted a Molluscan 
shell between the worm and the coral as Ikeda (1922) has observed 
in the specimen taken from Sagami Sea. The greater part of the 
shell is dissolved and it seems to be difficult to determine the species, 
but judging from features of the remaining part of the shell there is 
no doubt that it is of a Gastropod species. 

In most c.ases this worm lives in Stephanocens carthausi Feux 
together with a Polychaeta errantia belonging to the genus Syllis, 
more than 40 mm. long and 1 mm. broad. These' facts were also 
observed by Ikeda (1922) in the specimens taken from Sagami Sea. 

Genus DENDROSTOMA Grube. 

The longitudinal muscle layer of the body-wall is continuous. 4^6 
dendritic tentacular stems surround the mouth. Large hooks are 
scattered on the introvert. Two or four retractor muscles, and one 
spindle-muscle are present. There are two segmental organs, free 
from the body-wall excepting for the attachment base. The dermal 
papillae are small. 

Key to the species of Dendrostoma found in Mutsu Bay. 

I. Tentacles arise from four main stems. The papillae in the hooked 
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region on the introvert are equally short. 

Dendrostoma blandum Selenka et De Man. 

II. Tentacles arise from six main stems. The papillae in the hooked 
region on the introvert are found tall and short mixed. 
Dendrostoma bexadactylum, n. sp. 

8. Dendrostoma blandum Selenka et De Man. 

(PI IV. Kigs. Text-figs 10-12) 

Dendrostoma blandum, Seienka ot De Man, 1883-1H81, p 85, FI I, Fig 9, PI XI, 
Figs 159-162, 1885, p 14; 1 Ikeda, 1904, p 53, PI I, Fig 14, PI IV, Figs 
90-91, 1924, p 30, PI I, Fig 2, A Ostropmov, 1909, p 319-324, W Fischer, 
1922 ( 2), p 18 

I obtained a single specimen (PI. IV, Fig. 18) at Tsuehiya on a 
rock covered by seaweeds (Sarffasavm sp.) on August 29, 1927. 

The trunk measures about 7 mm. in length and 3 mm. in thickness. 
The introvert is nearly as long as, but much narrower than, the trunk. 

The skin of the trunk is thick and brownish-yellow in colour, while 
that of the introvert is thin and somewhat translucent, appearing 
grayish-white. A smooth pigmented zone (Text-fig. 11, pz) lies in the 
anterior end of the introvert behind the tentacular crown. The whole 
surface of the skin is covered with small papillae, and in the centre 
of each papilla there is a clear area surrounded by small granules. 

The papillae in the middle region 
of the trunk are flat and elliptical 
in the surface view. They are 
about 0,05 mm. in major axis and 
0.035 mm. in minor axis in the larger 
ones, while in the smaller the major 
’ and minor axes are about 0.04 mm. 
and 0.025 mm. respectively. In the 
posterior region of the trunk they 
become large and more or less 
roundish in the surface view. On 
the introvert just behind the hooked 
region, the papillae are most pro- 
minent measure about 0.09 mm. in 
height and 0.05 mm. in width. In 



Selenka et De Man. Frontal view of 
the tentacular crown. x20. 
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the hooked region (PI. IV, Fig. 19) of the introvert there are small 
pear-shaped papillae about 0.03-0.04 mm. high and wide. The hooks 
(PI. IV, Fig. 19) on the introvert are numerous, being 103 in aU. 
Tliey are 0.1-0.2 mm. high and are of a blackish-brown colour. The 
tentacular crown (Text-fig. 10) consists of four main tentacular stems 
which are divided into eight tentacular arms. The tentacles spring 



Text-fig. 11. Dendrustoma blandum Sblenka et De Man. Spe- 
cimen diMected. a, anu»; fm, fixmg-muscles; g, gonad, ic, intestinal 
convolution, n, ventral ncrve^pord ; o, oesophagus; pc, Polian canal, 
pt, Polian tubule; pz, pigmented zone, r, rectum; rm, retractor 
muscles; sm, spindle-muscle; so, segmental organ; t, tentacles; wm, 
wing-muscles. xS. 
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from both sides of each tentacular arm, and the number of the tentacles 
on each side is from ten to sixteen. The colour of the tentacles is 
grayish-white when preserved in alcohol. 

The longitudinal muscles are continuous and the inner surface of 
the bod)r-wali is shiny, but m the region of the roots of the retractor 
muscles the peritoneum shows some shallow and narrow longitudinal 
grooves. The retractor muscles (Text-fig. 11, rm) occur in a single 
pair, and are attached to the body-wall at the level of the posterior 
onethird of the trunk. A spindle-muscle (Text-fig. 11, sm) springs 
from the dorsal body-wall close to and in front of the anus (Text-fig. 
11, a), and its posterior end is not fixed to the body-wall. There are 
three fixing-muscles (Text-fig. 11, fm, and Text-fig. 12, fm), two of 
which arise from the left side of the 
dorsal body-wall and are attached 
respectively to the oesophagus (Text- 
fig. 11, o and Text-fig. 12, o) and rectum 
(Text-fig. 11, r and Text-fig. 12, r), 
and the remaining one of which is 
broader than the others and starts 
from the right side of the body-wall 
in front of the root of the right 
retractor muscle and is attached to 
the rectum far posteriorly from the 
anus. The broad wing-muscles (Text- 
fig. 11, wm) are attached on both 
sides of the rectum near the anus. 
The intestinal convolution (Text-fig. 
11, ic), consisting of about 20 spirals, 
IS free posteriorly from the body-wall. 
The Polian canal (Text-fig. 11, pc) 
which passes along the dorsal side 
of the oesophagus is divided into a 
tuft of long tubes near its posterior extremity. These tubes (Text-fig. 
11, pt) entangle to a great degree with the intestinal spiral.s, retractor 
muscles and other internal organs. The short segmental organs (Text- 
fig. 11, so), of about one-third of the bunk length, are grayish-yellow 
in colour. Their external apertures are situated almost at the same 



Text-fig 12. Dendrostoma blandum 
SelENKA et Df Ma.n. Magnified view 
of a portion of the digestive canal, 
a, anus; fm, fixing-muscles; ic, intes- 
tinal convolution; o, oesophagus, r. 
rectum; wra, wing-muscles. Xl2. 
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level as the anus. A pair of gonads (Text-fig. 11, g) is found along 
the base of the retractor muscles. The rectal diverticulum is absent. 
Eyespots are seen on the ganglion as a pair of small pigmented spots. 

Localities. — California ; Enoshima and Hokkaido, Japan. In Mutsu 
Bay it was formerly reported from Aomori by Ikeda (1904, p. 55), 
and this time it was obtained at Tsuchiya. 

Remarks. — The specimen seems to be identical with Dendrostoma 
blandum which was first described by Sei.enbl\ et De Man in 1883- 
1884 dealing with the specimens from Enoshima, Japan. In dissecting 
the specimen from Mutsu Bay, however, several differences were revealed 
which exist between the said specimen and those reported by Selenka, 
Fischer and Ikeda. viz. Selenka and De Man (1883-1884, p. 86) 
reported that the tentacles arise from five or she main tentacular stems. 
But afterwards, Ikeda (1904, p. 55) stated that : — “ The tentacles are 
given off from the free margins of the eight arms produced by the 
dichotomous branching of each of the four main stems.” And Fischer 
(1922, p. 18) states refering to this point that. — “ Ikeda (1904, p. 53) 
lieferte Erganzungen resp. Berichtigungen zu der BeschreibungSELENKA’s. 
Dieser gibt namlich an, die Tentakel entsprangen aus 5-6 Hauptstammen. 
Ikeda sah nur 4, die sich in je 2 Arme teilten. Ich konstatierte eben- 
falls 4 Hauptstamme, die aber in je zwei grossere und zwei kleinen 
Arme teilten so dass 16 Arme sichtbar waren. Die kleinen Arme 
zweigten sich nur von einen der grosseren Tentakel ab. Die Arme 
waren, wie Ikeda angibt, in ihren ganzen Verlaufe mit kurzen Ten- 
takeln bedeckt. 16 Arme teilten sich weiter in je 4-5 Zweige, die 
mit vielen Tentakeln bedeckt waren.” Ikeda (1924, p. 31) again 
reported on the same subject, basing his argumented upon the specimens 
obtained abundantly from Hokkaido, Japan, that : — “ There are four 
short tentacular stems, each of which divides into two longer branches. 
This confirms my former statement on this same point for the specimens 
from Aomori and Wakkanai. It must, however, be mentioned that 
the two brandies of a tentacular stem are often remarkably different 
in size, consequently casual observers may fall into error concerning 
the true manner of branching, or even the number of the tentacular 
stems. According to Selenka, there are present 5 or 6 main tenta- 
cular stems *, but these may be rather anomalous cases of the branching 
of the stems.” While in the specimen from Mutsu Bay, as already 
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mentioned above, the mam tentacular stems are distinctly four in 
number, and the each is divided into only two arms in the same 
manner as in the case of Ikkda’s specimens from Aomori and Wakkanai. 
On the fixing-muscles it was reported by Ikeda (1904, p. 55) and 
Fischer (1922, p. 18) that one of thenj is divided into two branches, 
while in the specimen from Mutsu Bay it is simple, not being branched. 
Ikeda (1904, p. 55) and Fischer (1922, p. 18) noted the existence 
of a diverticulum upon the rectum, but such a structure was not found 
in the specimen from Mutsu Bay. Concerning the length of the trunk 
and introvert, the specimen from Mutsu Bay shows smaller dimensions 
than those reported by Sei.knka and Ikeda as shown in the following 
table. 



Sp from 
Mutsu Bay 

SELfcNKA’fc sp 

(18S3-4, p 8«) 

Ikeda's sp. 
(11)04, p 84) 

Ikeda's sp. 
(1024, p DO) 

Length of the 
trunk. 

About 7 mm 

I.£ss than 

2.6 mm. 

(26 mm’) 

40-46 mm 

Length of the 
introvert 

About 7 mm 

( >ne-third of the 
body length 




9. Dendrostoma hexadactylum, n. sp. 

(PI IV. Figs 20-24, Text-figs 13-15) 

Thret' specimens were collected from the different localities in Mutsu 
Bay. The first specimen (PI. IV, Fig. 20) was taken by myself off 
the coast of Tsuchiya on September 16, 1927, by means of a dredge ; 
the second (PI. IV, Fig. 21) was collected at the coast of Tsuchiya 
from a rock covered by seaweeds by Mr. T. Imai, in August, 1927 ; 
and the third was obtained at Urata by Mr. S. Takatsuki, in June, 
1927, from a certain fissure of rocks near the tide-marks where a 
large number of oysters {Ostrea ctrcumptcta Pilsbry) were found 
attached to the surface of these rocks. 

The first specimen which was selected as the type, of the new 
species is 55 mm. in length and is 10 mm. thick in 'a fully expanded 
state, the introvert being about one-third of the total body length. 
The second and the third specimens are some what smaller in size 
than the type specimen. 

The animal in life is of a yellowish-brown colour on the general 
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body surface excepting for the introvert-base and the posterior end of 
the trunk which are of a little darker brown colour. At the anterior 
end of the introvert, immediately behind the tentacular crown, there 
is a ring (Text-fig. 14, pz) which is perfectly smooth and is irregularly 
coloured with light violet. The surface of the trunk when observed 
under the microscope, shows numerous transver-se furrows forming 
numerous transverse bands encircling the trunk. In the posterior 
region of the trunk there occur also longitudinal furrows in addition 
to the transverse fuiTOWs above mentioned, and thus numerous small 
areas arc formed. Each of these small areas is provided with a small 
papilla in the centre and the latter are circular in surface view. The 
papillae found in the middle region of the trunk (PI. IV, Fig. 22) and 
in thi* region just behind the hooked region of the introvert, are 
elliptical in surface view. The papillae (PI. IV, Fig, 23 and 2^1) situated 
in the hixiked region of the introvert are cylindrical and not uniform 
in height, some being shorter and the others taller. The measure- 
ments of the papillae on the different regions of the body-surface are 
shown in the following table. 




J Type (1st) sp 

' 2nd sp 

.‘ird sp 

Height of papillae 
hooked region 

in 

i 0.07-0. IC.T mm 

j 

! 0.066-0.006 mm 

I 0.06-0,146 mm 

1 

Diameter of the hane of 
the same 

i 0.00-0.086 mm 

i __ 

0.066-0.067 mm 

0 046-0. 07 mm. 

1 

Length of major 
and minor axe5 of 

1 

j 0.076-0.1 mm. 

0.00-0.08 mm 

1 0 0(16-0.096 mm 

papillae in the 

J 


— — 


middle region of ' 
the body. | 

0.06-0.076 mm j 

0.06-0.066 mm. 

0.067-0.076 mm. 

l.ength of major 

1 

O.OfM).107 mm. 

0.076-0.1 mm. 

0.07-0.1 mm 

and minor axes of 





papillae in the poa- 





_ 

terior region of the 
body. 


0.07-0.1C6mm. ' 

I 

[ 0 066-0.1 mm 

0.0(>-0.006 mm. 


The hooks (PI. IV, Fig. 23) on the introvert are very numerous, 
numbering over 260, and they measure 0.2-0.36 mm. in height. The 
tentacles (Text-fig. 13) are light reddish-brown in colour. There are 
six main stems of the tentacles, and the each is divided into 1-4 stems. 
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Each of these stems is again divided into branches in an irregular 
manner. The finger^haped tentacles are arranged chiefly on the 
branches above mentioned. 



Text-fig. 13 Dendro$toma hrxadactylum, n. sp. Frontal view of 
the tentacular crown xii. 

The longitudinal muscle layer is perfectly continuous and the inner 
surface of the body-wall is remarkably smooth and shows a pearly 
luster. Two broad retractor muscles (Text-fig. 14, rm) spring from 
the body-wall at the level of the posterior one-third of the trunk. A 
spindlemuscle (Text-fig. 14, sm) arises from the body*waU in front 
the anus (Text-fig. 14, a), and posteriorly ends free from the latter. 
The fixing-muscles (Text-fig. 14, fm) are three in number. They arise 
from the dorsal body-wall of the middle portion of the trunk and at 
a point far distant from the nerve-cord (Text-fig.' 14, n). Two of 
these muscles are attached respectively to the oesophagus (Text-fig. 
14, o) and the rectum Cfext-fig. 14, r), while the remaining is attached 
to both the oesophagus and the rectum by means of its two rootlets. 
These features concerning the fixing-muscles seem to vary to some 
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extent in different specimens. The text-fig. 15 (A, B and C) indicates 
the variations found in the fixing-muscles in the specimens taken from 
Mutsu Bay. A pair of broad wing-muscles (Text-fig. 14, wm) is 



Text-fig. 14. Dendrostmna hexadadylum, n. sp. The type upecimen 
dlisected. a, anus; d, short dissepiments; fm, hxing-mascles; g, gonads; 
h, hooks; ic, intestinal convolution; n, ventral nerve-cord; o, oesophagus; 
pc, Pollan canal; pt, Polian tubules; pz, pigmented tone; r, rectum; rin, 
retractor muscles; so, segmental organ; t, tentacles; wm, wing-muscles. 
x2. 
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attached to the lateral sides of the rectum near the anus. The Polian 
canal iText-fig. 14, pc) passes along the dorsal surface of the oesophagus 



a, anus, fmj, fraj, fms, fixing-muscles, o, oesophagus , rectum; rd, rectal diverti- 
culupi; sm, spindle-muscle; wm, wing-muscles. x6. 

and gives off a great number of long blind tubules (Text-fig. 14, pt) 
on its way. These tubules are often spirally twisted and are greatly 
entangled with the intestinal convolution and with other internal organs. 
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The segmental organs (Text-fig. 14, so), consisting of two short tubes 
of a grayish-yellow colour, are entirely free from the body-wall except 
for the anterior ends which are fastened to the latter. Their external 
apertures exist almost at the same level as the anus. Several narrow 
dissepiments (Text-fig. 14, d) are seen in front of the attachment base 
of each segmental organ, arranged transversally in a longitudinal line. 
These dissepiments seem to be identical with those found in Siphonosoma 
cumanense (Keferstein), though they are very broad and numerous 
in the case of the latter species. A pair of sexual organs (Text-fig. 
14, g) occur along the base of the two retractor muscles. No eye-spot 
can be detected on the ganglion. A small globular diverticulum 
(Text-fig. 14, rd) is found upon the rectum. 

Localities. — Tsuchiya and Urata. 

Remarks. — This new species closely resembles Dendrosioma blandum 
Selenka ct De Man in size of body and in the internal structures, 
but, however, it differs from the latter in the height of the papillae 
found in the hooked region of the introvert, as well as in the features 
of the tentacular crown, viz., the number of the main tentacular stems 
is six in the present species, while in Dendrostoma blandum Selenka 
et De Man, according to Fischer and Ikeda, it is usually four. 
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EXPLANATION OF THE PLATES. 

PLATE 1. 

fig. 1 Sipunculus nudus Linnaeus. Natural sue. 

Fig 2. Siphofwaoma mnurente, n sp The type specimen. Natural size. 

Fig. 3 The same, dissected to show the anterior region of the trunk, a, anus, 
dr, dorsal retractor muscles, fm, fixing-muscles, il, intestinal convolution, 
in, infundibulums of the segmental organs, kb, Kefekstein's body, o, 
oesophagus, pc, Polian canal, r, rectum, sm, spindle-muscle , so, seg- 
mental organs, n, ventral nerve-tord, vr, ventral retractor muscles, 
wm, wipg-muscles x2,'> 

Fig. 4 The same A part of a row of the tentacles Greatly magnified. 

Fig. 5. Phj/saaimta ja)»intcum (Grubf) Natural sixe. 

Fig 6. Physaisima fdaucum, n. sp Surface view of a papilla in the middle 
region of the trunk x5(XI 

PI>ATE n 

Fig. 7. Physcosoma (daucum, n sp The tyjic specimen Natural size 

Fig. 8. The same dissected, a, anus, dr, dorsal retractor muscles, es, eye-spot, 
fm, fixing muscle, ic, intestinal convolution, n, ventral nerve cord, o, 
oesophagus, pc, Polian canal, r, icctum, sm, spmdie-muscle , so, seg- 
mental organs, vr, ventral retractor muscles, wm, wing-muscles x4 

Fig 9 . PhySftisotna aajlops (Seunka et De Man) Natural si/.e 

Fig 10 The same dissected, a, anus; dr, dorsal retrac tor muscles , es, eye-spot, 
fm, fixing muscle; ic. intestinal convolution; n, ventral nerve-cord, u, 
oesophagus, r, rectum, sm, spindle muscle, so, segmental organs, vr, 
ventral retractor muscles: wm, wing muscles X t 

PLATE in 

Ftg. 11. Phaacolosoma zemhakenae Ikeda. Natural size 

Fig 12 The same dusected. a, anus, fm, fixing-muscles, g, gonad, ic, intestinal 
convolution; n, ventral nerve-cord, o, oesophagus, pc, Polian canal with 
Polian tubules; r, rectum; rd, rectal diverticulum, rm, retractor muscles; 
sm, spindle-muscle; so, segmental organs, t, tentacles; wm, wing-muscles 
Xl.5. 

Fig. 13. and Fig. 14. Stephanacena carthauai Fexjx x2 

Fig. 15. Phaaeolton ikedai, n sp. The type specimen x6 

Fig. 16. The same. Spines on the concave aurface of the trunk. x90. 

Fig. 17. The same Spines on the convex surface of the trunk. x90 
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PLATE IV. 

Fig. 18. Dendrosioma bUtndum Sblbnka et De Man. x2. 

Fig. 19. The same. Hooks and papillae on the introvert. xfiO. 

Fig. 20. Dendroatoma hexadaetglum, n. ip. The type specimen. Natural size. 
Fig. 21. The same. The second specimen. Natural size 

Fig. 22 The same. Surface view of a papilla from the middle region of the 
body^all. x360. 

Fig. 23 The same. Hooka and papillae on the introvert. X 70. 

Fig. 24. The same. Cross section of the skin together with a papilla in the 
hooked region of the introvert. X2S0 

c, cuticle, cm, circular muscle layer; dg, duct of the tubdermal gland; 
e, epidermis; Im, longitudinal muscle layer; pa, papilla; pe, peritoneum; 
sg, aubdermal gland, ss, subepidermic space. 
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1 INTRODUCTION AND HISTORICALS 

A few years ago, the author happened to obtain some seeds of a 
special type of Euryale ferox Sausb., studied their germination behavbr 
to learn the marked delay in germination, and wrote a brief paper in 
which the suggestion was expressed that tin* seeds of the plant may 
obtain full germinative capacity after a lapse 6f two winter seasons 
in their natural habitat after their apparent ripening, i. e., the time 
of normal separation from the mother plant (Okada, 1925). The 
number of the seeds then employed was too small to carry on a 
systematic study of the matter, and the author was able to reach no 
conclusive result beyond the mere suggestion as to the mechanism of 
the dormancy. The study has been since continued, dunng the course 
of these several yeais, depending upon the supply of material from 
the same origin as in the previous study, and some of the features 
concerning the problem have been more or less elucidated, if not 
entirely satisfactorily. Although the experimental data hitherto accu- 
mulated are evidently far from complete in solving the essential pro- 
blem of the phenomenon, the author feels that the record of these 
data should be conveniently arranged in some definite form, in order 
that the princijile for further study may be established. 

The present study was, as already mentioned in the preliminary 
report of 1925, first commenced under the guidance of Prof. Dr. 
MiYOSHi with the materials he obtained from Zyunityogata. After 
the removal of the author to Tohoku Imperial University at Sendai, 
the study has been continued there up to this date. It is with great 
pleasure that the writer wishes to express his indebtedness to Prof. 
Dr. Miyoshi under whose kind guidance the study was commenced. 
As for the supply of the material, the author is especially grateful 
to Mr. Matoba and Mr. Otaya, without whose kind help the progress 
of the study wjould have been much retarded or even impossible. 
The expense of the study since 1927 was partly defrayed by the Subsidy 
to Promote the Study of Natural Sciences, endowed by the Department 
of Education, for which the author is also very much indebted. 
Acknowledgement is, furthermore, due to all those who, more or leas, 
either directly or indirectly, have helped the author to carry out the 
study, and to bring it to its present state of progress. 
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The embryo of the seed plant is, in the early stage of its develop- 
ment, a parasite to its mother plant, the untrition of the former being 
wholy dependent on the supply from the latter. The embryo thus 
brought up IS, however, destined to be delivered sooner or later, 
together with its accumulated foodstuff and incasing structure for 
protection, from the mother plant. The whole structure, i. e., the 
embryo with its attribute, thus separated normally from the mother 
plant represents conventionally a full ripe seed (or fruit in the case 
of the inclusion of the grown carpellary wall). J^ow, it is quite a 
remarkable fact that, when such a full ripe seed is subjected to a 
sufficiently favorable germmative condition, the reaction displayed is 
far from uniform m each case. Seeds of some plants do respond 
quite readily and result in a high percentage of germination, while, 
on the other hand, those of some other plants are highly refractory 
and their percentage of g<*rmination in the period du^ctly after the 
harvest is quite low or even nil. For the seeds of the latter category, 
ordinary germinative conditions which are accepted to be valid enough 
to induce germination in many cases are totally ineffective. With all 
the favorable conditions combined, viz., optimum temperature, ample 
supply of water and oxygen, and the presence or absence of light 
according to their light requirement, we can either obtain no germi- 
nation at all, or induce germination in a limited number of seeds. 
Reasonably high percentage of germination can be attained only after 
a lapse of some period. In short, such seeds are germination incapable 
when freshly harvested, notwithstanding their apparent maturity, and 
they attain the germinative capacity only after an aging period under 
a certain condition. Th(' span of this period is the so-called dormant 
period, or by some authors the period of after-npening, and this mode 
of germination is called a delayed germination (or distributed germina- 
tion in case of. chronical irregularity). 

Seeds provided with such a property are not of exceptional occur- 
rence. It seems even a majority are possessed of such tendency in 
some degree. One may consult with respect to this point, for instance, 
the tables by Kinzel (1913) or the work of Howard (oit. Crocker, 
1916, p. 99). 

According to the citation by Shjull, some of the earliest works 
along this line of the problem are to be found in Nobbe (1876), 
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Nobbe and Hanlein (1877), Hanlein (1880), etc., in which are treated 
the germinative behaviors of various agricultural and weed seeds, and 
are mentioned the frequent occurrence of markedly delayed or distri- 
buted germinations, as well as some considerations about the cause of 
the phenomenon (Shull, 1912, p. 454). 

Kienitze (1880) noticed that the seed of ‘ Weisstanne ’ and ‘ Buche ’ 
do not germinate in the autumn of the harvest but in the next spring, 
and also that the seeds of ‘ E.schen ’, ‘ Hainbuchen ’ and ‘ Zirben ’ show 
examples of distributed germination. 

WiNKiJER (1883) reports on the observation on the delayed and 
distributed germination of Tithymalus cypanssias. He mentions also 
Reseda lutea, Dianthus armena and Malva moschata as further 
examples. 

In 1886, a brief paper was issued by Ludwig, reporting the dor- 
mancy of the seeds of Mayaca fluviaiilis. 

A little later, Bataun’s paper (1889) appeared, which reports that 
the germination of the seeds of ‘ Roggen ’ and some other species can 
be favored by desiccation by heat. Similar effect of cool storage on 
the seeds of ‘ Hafer ’ is also mentioned. 

Sauvageau (1894), in a paper treating of the biology of the 
Potamogetonaceae, noticed the dormancy of the seeds of Potamogcton 
lucens, P, crispus, P. perfoliatus, P. pecHnatus, and P. rvatans, of which 
the last species is especially remarkable for a dormant period of three 
years. 

Arthur’s paper in the next year (1895) reports for the first time 
the noticeable distinction in the germinative behaviors between the 
upper and the lower seeds of Xanthium, the former being the more 
refractory. 

WiESNER (1897) noticed that the seed^ of Viscum album necessitate 
a rest period of half a year when kept under the natural condition, 
while the seeds of allied species in the tropics germinate readily. 
Studies on the germinative condition are also given. 

Maze (1902) gives a note on the forcing effect df desiccation and 
heat on some dormant seeds. 

In 1906, Crocker made progress along this line of study in his 
paper dealing with the mechanism of the dormancy. He noticed first 
that the delayed germination of the XarUhium seed is due to the 
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seed coat impervious to oxygen. He elucidated also that the cause 
of the dormancy of Axyns, Abtdilon, Chenopodium, Iris, Avena, 
Plantago and Thlaspi is due mostly to the coat character. As for 
the Crataegus seeds, the dormairey seems to be caused by the property 
of the embryo. 

In the next year, Fischer published the result of his study with 
Alistna, Sagittaria, Potamogeton and other water plants. Based on 
the observation that the seeds of these plants, when kept in pure 
water, remain dormant for several years without any sign of germina- 
tion, while they germinate readily in fermenting water, he carried on 
a series of experimental studies, come to the conclusion that the H* 
or OH" ion in the water influences the plasma of the embryo and 
activates them. 

This conception of Fischer was as soon encountered by the 
criticism of Crocker who issued a paper (1907) in which he gives a 
contrary notion that the dormancy of the above said water plants is 
not of embiyonic but of seed coat character, for those seeds germinate 
readily in case of either the total or partial elimination of the coat 
without any ionic influence. Later, in 1914, in his joint work with 
Davis, a more detailed study on the dormancy of Alisma plantago 
was published, indicating clearly that the delayed germination in this 
case is caused by the mechanical interference of the seed coat which 
inhibit the free imbibition of water by the embryo. 

In a paper by Kinzei. in 1908, which is mainly devoted to the 
study of the light relation of germination, we can find also an example 
of delayed germination observed with the seeds of Allium suaveolcns 
(p. 111). 

Shull (1909) measured the oxygen requirement of the Xanthium 
seed, noticed the distinction between the upper seeds and the lower 
ones, and concluded that, besides the difference of the coat character 
discovered by Crocker (1906), the embryonic difference in the oxygen 
requirement is also responsible for the difference in their delayed 
germination. Later, in 1911, 1914 and 1923, he and his co-worker 
published the result of the studies further concerning the oxygen 
requirement, temperature relation, respiration, and the catalase activity 
of the Xanthium seeds, and discussed their relation to the delayed 
germination. 
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Gassner’s papers m 1910 deal with the seeds of Chloris ciliatOt 
Ch. disttcophylla and Stenotaphrum gfabrum which after-ripen by dry 
storage. It is noticed that the presence of light is a necessary condi- 
tion for their germination and this influence is of embryonic character. 

ScHWAPPACH, in 1911, reported on the low percentage of germina- 
tion of the Abies seeds freshly harvested, and methods of forcing them. 

Becker (1912) studied mainly the seeds of Compositae, and learned 
that the dormancy of the seeds is due to the coat which is impervious 
to oxygen, an important stimulant to the embryo. 

In the same year, a paper was issued by Davis and Rose con- 
cerning the Crataegus seeds. They distinguished such cases of dormancy 
as are due to the coat characters from those in which the embryo 
itself requires some period of aftenripening, a distinction which is 
often overlooked. They demonstrated that the dormancy of this plant 
is due to the embryonic character, and that the after-ripening means 
the necessary protoplasmic changes antecedent to germination. Accord- 
ing to their opinion, it is more rational not to include the disinte- 
gration or other modification of the incasing structures in the term 
after-ripening. The forcing method is treated also in the paper. 

Eckerson’s paper in 1913 mainly concerns the chemical change in 
the course of the aftcr-ripening of Crataegus spp. The increase of 
acidity, water holding power, catalase and peroxidase, decrease of fat 
and appearance of oxidase and sugar were established. 

Kinzel, who had for many years devoted himself to the investiga- 
tion into the effect of light and frost on the germination of seeds, 
cxmsummated the obtained results in a publication in 1913, where are 
tabulated the germinative behaviors of various seeds over a long period. 
We can find many examples of delayed or distributed germination 
there. 

In 1914, Atwood studied the delayed germination of the seeds 
of Avena fatua and demonstrated that the after-ripening process in 
this plant means the change in the oxygen permeability of the seed 
coat on the one hand and the change (especially tfie increase of acidity) 
in the inner part, on the other. 

Rose in 1915 devised an apparatus to effect mechanical abrasion 
on die coat of hard seeds to eliminate the cause of delayed germina- 
tion due to the seed coat character. The germination incapability of 



STUDY OF EURYALE FEROX SALISB. 


47 


various economic seeds is also treated in the paper. 

An explicit review on the mechanism of dormancy of seeds was 
published in 1916 by Crocker where the fundamental features of the 
matter are discussed. Classification of the cause of the dormancy is 
given. 

The same author (1918). in a joint work with Harrington, reported 
on the studies on the catalase and oxidase activities of seeds. There 
are treated in this paper the relations of these enzymes with dormant 
seeds of different types. 

A paper by Rose in 1919 concerns the after-ripening process of 
the seeds of Tilui, Samhtu.its and Rubvs. It is proved that the necessary 
change is embryonic in Ttlia, while the seed coat character is respon- 
sible in Rubus. The mechanism of the delayed germination of Samhticus 
is left undetermined. 

Jones (1920) studied the physiology of the maple seed and estab- 
lished a marked difference in the germinative behavior exhibited by 
species of the same genus Actr. It is reported in the paper that the 
sugar maple reriuires a period of after-ripening, which is of the 
embryonic property. Chemical change during the period is also given- 

Two papers by Pack in 1921 concern mainly the chemical change 
in the after ripening period of juniper seeds. In the latter paper, the 
change of fat is fully studied. 

In 1923 a paper was published by Harrington and Hite concerning 
the dormancy of the apple si*ed, which is caused by the embryonic 
character 

Helms and Jorgensen reported in 1926 that the hibernated seeds 
of Betula have the temperature minimum for gei'mination much 
depressed in comparison with those freshly harvested. 

Schaumann’s paper in 1926 deals with the noted delay in germina- 
tion of Alisma plantago. It is recognized that the hindrance to prompt 
germination is mainly due to the mechanical influence of tfie seed coat, 
and that the elimination of this drawback is effected in the natural 
condition more by the alternation of temperature than the effect of 
acid in the medium. 

Weiss (1926) studied the germination of the seed of Betula 
populifolia, to leam that the increase in the germination percent and 
the depression of the temperature minimum for germination can be 
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effected by after-ripening in cold storage. l..ater, in 1929, Joseph ex- 
tended the study to other members of the genus and proved similar facts. 

Davis’s paper in 1927 reports of the study with the seeds of 
Comus florida, Sambucus canadensis, and Berberis Thunbergii. The 
after-ripening process of the first species which is of embryonic charac- 
ter, was mostly studied. As for the second species, it is proved that 
some seeds are dormant while others are not. Berberis seeds seem 
not to be dormant. In the same year, a brief paper was issued by 
Crocker indicating that the after-ripening of some Rosaceous seeds 
can be accelerated through stratification at low temperature. 

So far I have given a review of the literature which mainly concerns 
the general aspect of dormancy of seeds, its occurrence, embryonic 
change, mechanical resistance of the coat and oxygen impermeability. 
Another important cause of delayed germination is found in the in- 
complete development of embryo in the seeds freshly harvested. 
Concerning this phenomenon one may consult the work of Goebel 
(1922, pp. 1211-1214), where examples and some literature are men- 
tiond. Ives (1923) also reports of another example with respect to 
Ilex opaca, whose embryo is still in a rudimentary state at the time 
of harvest. He concludes that “this immaturity of embryo constitutes 
the main factor in the delayed germination.” (pp. 73-74). 

Lastly, delayed germination due to the water impermeability of 
the seed coat must be mentioned. This fact attracted attentbn quite 
early, and in some of the papers above cited, studies with respect to 
this problem are also to be found (Crockek, 1906, pp. 280-81, Rose, 
1915). In Ewart (1908), Guppy (1912, p. 585) and others one can 
obtain further knowledge. The seeds of this category represent the 
so-called hard seeds whose coats are impervious to water when freshly 
harvested. During the course of the storage, denaturation takes place 
to permit the intrusion of the water, which induce the act of germination. 
If, however, the hindrance is eliminated by some artificial means, prompt 
germination is secured. The following methods a» hitherto feported : — 
Mechanical abrasion or total elimination of the seed coat (Michalowski, 
1894; Jarzymowski, 1905, Bergtheil, 1907; Rose, 1915; Ohga, 
1927; Pushkarew and Motrenko, 1927), application of hot water 
(Wernicke, 1895 ; Jarzymowski, 1905 ; Honing, 1917), carbonization 
with sulfuric acid (Rostrup, 1898; Todaro, 1901 ; Hiltner and Kinzel, 
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1902; Jarzymowski, 1905: Bergtheil, 1907; Love and Reighty, 
1912; Rose, 1919; Nelson, 1926; Ohga, 1927; Pushkarew and 
Motrenko, 1927 ; Jones, 1928), freezing (Midgley, 1926), application 
of high pressure (Davies, 1928) and treatment with alcohol (Ver- 
SCHAFFELT, 1912). 

It may be mentioned here in connection with the problem of 
delayed germination, that the germination incapability due to the light 
requirement of the seeds (e. g. light-requiring seeds in a dark germinator 
or dark-requiring ones under illumination) is treated by some authors 
(Skene. 1924, p. 426) to represent a case of dormancy. I have omitted 
here to deal with the matter according to the opinion of Crocker 
(1916, p. 119). 

Delayed germination in the Nymphaeaceae. As referred to in the 
above lines, Kinzel reports in his work “ Frost und Licht ”, a large 
number of experimental data concerning the germination of the seeds 
of divers species, among which we can also find the cases with 
Nymphaeaceae. There are mentioned the cases with Nuphar luteum, 
Nuphar advenum, Nymphaea alha, and Nymphaea Lotus (Table 3 and 
pp. 19-20). The sef-ds of all these species show more or less irregular 
or distributed germination, that is to say. the majority of these seeds 
require some period of after-ripcning, during which time, according 
to Kinzel (p. 148), internal chemical changes are presupposed to occur. 

Reports of similar observatbns are sporadically found in literature. 
For example, Conard {lf)05, pp. 106-107) mentions the irregular 
germination of Nymphaea coerulea, N. zanzihanensis, and N. elegans 
X N. zanzihariensis. He cites in the same place Waters’ report 
(1886) on the same phenomenon in N. odorata. 

Aber (1920, p. 36), too, observed that the seeds of Nymphaea 
lutea germinated to some extent after the first winter following the 
time of ripening, and the remaining majority sprouted after the second 
winter, i. e., after the dormant period of eighteen month. 

Ohga (1927, pp. 16-17) states in his paper, concerning the germina- 
tion of century old seeds of Nelumbo, that the seeds of this plant are 
provided with an incasing structure impervious to water so that they 
must be forced to germinate by. eliminating the hindrance ; as by 
carbonizing with sulfuric acid or by some mechanical treatment. 

A paper by Jones (1928) also treats of the dormancy of the 
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Nelumbo seeds caused through their hard coat and the method of 
overcoming it by mechanical treatment or application of sulfuric acid. 

As for the seeds of Euryale ferox, Arcangeli, who studied various 
features of this plant in detail, has already reported in his papers of 
1887 and 88 that they are quite irregular in germination. 

I have suggested in may first brief paper concerning the germina- 
tion of Euryale that the seeds of the plant may need, in their natural 
habitat, a period of after-ripening of two winters before they are 
capable of germination. This view was soon contradicted by MiKi 
{1927, p. 107), who, studying the biology of water plants in the 
Ogura Lake, noticed that Euryale seeds often germinate readily after 
a lapse of a single winter season under outdoor conditions. Mr. 
Nakajima of this Institute, also informed me of his observation of the 
same fact. At the time of the publication of MiKl’s paper, I was 
engaging in the continued study of Euryale seeds, and I also, came 
to the conclusion that it is not absolutely necessary tor the seeds to 
after-ripen for two winters, or that it is fairly natural to observe their 
germination during the first spring following the time of ripening. 
At any rate, the fact that they generally do necessitate a more or 
less prolonged period of after-ripening, is not to be denied. Here- 
with I shall proceed to report the results of my own experiments 
concerning the problem. 


2 MATERIAL OF THE STUDY. 


All the material for the present study was, except when otherwise 
stated, obtained from the Zyunityogata in Toyama Prefecture. In the 
experimental data recorded in the following sections, the materials 
employed are always indicated by numbers designating the dates of 
their collection. Below is the table of these numbers with their 
corresponding dates of collection. 

Lot number Date of collection 


5 

6, 61-69. 610 

7, 711-740 

8 

80, 811-821 


Oct. 10, 1925 
Oct. 14, 1926 
Oct. 17, 1927 
Apr. 15, 1928 
Oct. 12, 1928 
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Of the above lots, those of nos. 5, 6, 7, 8 and 80 consist of seeds 
from many fruits mixed together, that is, they did not originate from 
separate individual fruits. On the other hand, nos. 61-69, 610, 711- 
740, 811-821 each indicate a lot from a single individual fruit. This 
discriminate treatment of seeds naturally resulted quite a troublesome 
work in experimenting, and may seem somewhat too scruplous or 
almost cumbersome. But in some cases in the present study, such 
discrimination cannot be dispensed with, especially when the total 
number of materials in experiment is limited to a few, as Yoshii 
(1925, pp 122-13-t) shows clearly the importance of accounting for 
the fruit individuality. 


;< STRUCTURE OF THE SEED 

This subject was studied as early as in 1888 by Arcangeli, and a 
little later Weberbaukr (1894) treated the same matter in his paper 
on the seed anatomy of the Nymphaeaceae. Weber (1907), too, dealt 
with the structure of the seed coat in comparing the fossil form with 
the living one. My own observation of the samples fi-om Zyunityogata 
coincides in the main with those of the former workers. But some 
points of deviation, though of minor importance, were also noticed. 
Moreover, as it may not be superfluous to give a general outline of 
the morphological characters before proceeding further to the discus- 
sion of the physiological properties, the matter will be treated here 
in brief. 

General features. The seed of Euryale from Zyunityogata is 
globular in form. The micropyle and the hilum are closely apposed 
together at one end of the seed, that is, the seed is anatropous. There 
is a patch of the seed coat around the micropyle, so differentiated as 
to form a sort of lid or operculum (Okada, 1928, 1 and 2). 

Seed coat. The seed when delivered from a ripe fruit, is covered 
with a two layered arylar envelop. As this structure has only little 
concern with the germination phenomenon, we will proceed directly 
to the inner part, or the seed coat proper. This part represents a 
very hard object, and assumes a brown color when fully ripe, tending 
to be stained a black shade more and more when kept in swamp 
mud for a long period of time, perhaps a parallel phenomenon to the 
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staining of Trapa seeds noticed by Molisch (1926, p. 49). The 
thickness of the coat measures 1 to 1.5 mm., exclusive of the raphe. 
Differentiation into the following four layers are recognized (Jevt-lig. 1). 
A. Epidermal layer B. Selerenchymatous la\er 

C. Non-lignified layer D. ("ork layer 



Text-iiK. 1 Stiuclure of spod (diaKrammatized). A, B, C and B correapond 
to the respective four layers of the seed coat explained in the text end, endo- 
sperm, cmb, cmbr\o, m, micropvle, op, operculum, pen, perisperm 

The relative thickness of these layers is somewhat variable according 
to the direction of I he section. For example, at the equatorial section 
(assuming the micropylar end as the pole), on the opposite side to the 
raphe, the following ratio was obtained : — A : B : C : D=ll : 55 : 6 : 1, 
the real thickness of the whole tesla measuring about 1.46 mm. 

A Epidermal layer (“ HartscKicht ” of WEBCttBAUER) (Te^t-fig. 1, A, Text-fig. 2, A) 

This consists of a single layer of palisade cells, which extends all 
over the surface of the seed except the hilum. The cell wall is distinctly 
lignilied (tested with phloroglucin solution plus hydrochloric acid), and 
is decidedly more thickened at the top and the bottom than at the 
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lateral side. The cell wall at the top is, not simply plane, but forms 
a characteristic external protrusion, which gives a minute warty process 
to each cell. I'hesc cells lack such complication on or near to the 
operculum. Lamellar structure is more or less accentuated in the wall 



Tcxt-liK 2 EpidcrnMl Ihvit (A) with h portion of tho uiiHcrlvinf; 
hivt’r (B) ca 2:J0 >c. 

at the top, where the uppermost layer is deeply pigmented and assumes 
a little higher dogrct* of resistance to ctmcentrated sulfuric acid. This 
part shows, however, no affinity to Sudan III. Still further externally, 
a covenng surface of minor thickness is sometimes observed which is 
stained violet with chlorzinc iodine. Webf.rbauer (1894, p. 221) 
distinguished four layers in this last part, but I was unable to recognize 
the differentiation. 

B, Sclcrrncbimatous Inver (Texl-lijj 1, B, Text-fig. 2, B^ 

Decidedly ligniPied, cell wall quite thick. The shape of the com- 
ponental cell is rather isodiametrical towards the surface of the seed 
and tends to be flattened radially in the deeper layer. The fibro- 
vascular bundle runs mainly through this layer, being introduced 
through the hilum. At the opercular region, below the epidermis, is 
found the extension of this layer (Text-fig. 1, op) ; it may be noted 
that this layer here is quite modified, the componental cell being 
rather thin walled and not lignified. Thus this region assumes a 
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distinct contrast to the surrounding part and separates itself readily 
as a part of the free operculum. 



Text-fig 3 Non-Itgnified layer (C), eork layer (D), and a purtion of pen- 
sperm fperi'l ca 350 X 


C Non lignilird layer (Text-fig 1, C, Text-fig. 3, Cj 

This layer is rather thin and is entirely lacking in the perimicro- 
pylar region (as far as some 50° from the micropyle). This layer is 
separated quite readily from the superposing sclerenchymatous layer, 
and remains attached to the perisperm in case of artificial decortication, 
'fhe distal parts of the ramified hbrovascular bundles impress their 
courses over the surface of this layer. As for the lignification, this 
layer seems to be almost free from it except at the deepest part. 
The cell walls seem to be slightly suberized as they are but faintly 
stained with Sudan III. Moreover, it is provided with a quite high 
grade of resistance to concentrated sulfuric acid, and stains brown 
when treated with chlor/inc iodine. 't. . 

I). Cork layor (Toxt-fig. 1, D, Text-fig. 3, D) 

Distinct suberization is demonstrated by staining with Sudan III. 
(This layer exhibits also a shade of pink colour when treated with 
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phloroglucin solution with hydrochloric acid). Extends all over the 
perisperm. Extremely thin, and particularly so at the perimicropylar 
region, corresponding to the region devoid of the proceeding layer C, 
where the suberization is reduced to a thickness of a single cell wall. 

Perisperm. 'lliis part occupies the bulk of the inner body. It 
consists of larger cells filled with starch grains. 

Endosperm. This part is reduced to an insignificant membranaceous 
structure aniund the eml>ryo. The cells are characterized by their fatty 
inclusions which are densely stained with Sudan III. 

Embryo. This is, too, a minute structure, being set in a position 
directly facing the micropyle. It measures about 2.3-2.9mm. along 
the axis and almost equally wide across. Thick cotyledons in pair 
and a plumule with the leaf anlages are already differentiated. ITie 

Table 1. Size, weight and dry matter content of 
the parts of the seed. 



Hcixht 

l.S.2r.mm 

1 

Width 

12.. TO mm. 


Width/HciKht 

»2.5»1 »» 

i 

Fresh weiKht 

1.284g 

S! 

Dry weight 

0.fi638g 


Drv wt./Fr wt 

61.0?4 

1 

Fresh weight 

0.67154 g. 

Dry weight 

0.2B.'t4g. 

1 

Dry wt /Fr. wt 1 

44.1.1?,' 

i 

Fresh weight 

0.6016 g. 

1 

1 ... 

Dry weight 

O.-iaVOg 

j Diy wt /Fr wt 

6«.f6?4 


Length I 

2.76 mm. 

1 

Fresh weight 

8.04 mg. 


Dry weight 

2.67 mg. 

Dry wL/Fr wt. 

28.8?4 

liT 

Whole seed 

100. 

Ml 

Seed coat 

62.43 

Perisperm 

46.86 


Embryo 

0.71 



Y. OKADA 


hypocotylar part is extremely reduced. The mtcrochemical characters 
will be treated in other place in connection with the phenomenon of 
after-ripening. 

The relative size, weight and dry matter content of the parts of 
the seed. Measurements were made with .seeds freshly harvested with 
respect to the size, weight and dry matter content. The averages of 
the values obtained are shown m Table 1, which may help to give 
some notion on the mattc>r, so far at least as the proportion of each 
part IS concerned. Records of actual mi-asurements from which the 
table IS derived are given at the end of the paper. 

On the cnienon of the germination. I’he mode of germination 
was previously reported in my preliminaiy paper (Okada, 1925) and 
need not lie repeated here It may, however, be appropriate at this 
place to mention that those* seeds of which the hypocotylar end come 
into sight by pushing aside the operculum, are accounted for to lie 
germinated. This ciitenon is held throughout the present work 

V DKLAYKl) GKRMINATION 

Although the precise length of the period is not yet determined, 
the fact itself cannot be denied that the seeds of Euryale are germina- 
tion incapable or at least th<>y are highly refractory to the germinative 
conditions for a certain length of time after harvest, if they are 
apparently fully ripe Such a property is suggested as soon if we 
take into consideration the .state of the matter in their natural habitat. 
We know on the one hand, that the* seeds of Euryale mature in general 
in October (in the northern region of Japan) under the water, are 
delivered as soon as the mother fruit wall is di.sorganized, and sink 
to the water bottom On the other hand, the first germination of 
the seeds is observed to take place at the middle of April. Now, if 
we consider the environmental conditions there, we can not detect 
any decided inferiority of the germinative condition in October as 
compared with that of April. To make .sure of this dpinion, we shall 
consider here the germinative conditions in the natural habitat. Firstly 
the supply of moisture is out of question in this case, for the Euryale 
seeds always lie under water. Secondly, the water temperature is 
recorded to be higher in October than in April at Zyunityogata (In 
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1928, Apr. 10, 15“ ; Apr. 25. 17“ ; May 10, 21“ ; Oct. 10, 21“ ; Oct. 
25, 19’; Nov. 10, 12°. Observation at 11, A. M., Water bottom). 
Thirdly, the oxygen supply must be very poor in both cases so far 
as the mud under water is concerned. Furthermore, the quantity of 
oxygen rt-quisite for the germination of the Euryale seeds is quite 
limited (vide infra, section 5, c). I.Jistly, the seeds are indifferent to 
the effect of light as is shown also in a later section (.sei’tion 5, b). 
Taking these points into consideration, we have no factor m the 
environmental condition, better fitted to suppress the germination of 
the seed in October. The cause of the delay is then to be accounted 
for the properties of the seeds themselves; they must be changed in 
some way or other dming the period of the so-called after-ripening, 
if the changes do not necessarily concern the embryo proper. Only 
after the jirocess is completed, the seeds acquire the capability of 
prompt germination. 

The above theory is further verified by the behavior of Euryale 
sei'ds in the laboratoiy. I have treated over K),0(K) seeds during 
these five years, none of which 1 have observed to germinate in the 
laboratory room in the period directly after harvest, although the 
room temperature is suflicu'ntly high (Average of daily maxima and 
minima in the latter half of October: — 1925, max. 15.2, min 11°.8; 
1926, max. 1 r.9, min. IT.H; 1927, max. 14°.7, min. ir.8, 1928, max. 
18“.l, min. 1-0). 

F'urthennore, the application of even higher temperature does not 
effect the germination of the freshly harvested seeds. Below is an 
example of such : — 

Experiment in 1927. Material, KM) seeds in total (10 seeds each 
from 10 different fruits, nos 711-720). Temp., 2.5“. Light, excluded. 
Medium, 0.1 Knok’s solution Duration of experiment, Oct, 29, 
1927 to Feb. 20, 1928. Result, no germination. 

An entirely different result was obtained with seeds aftei'-ripened 
in their natural habitat, i. e., m the mud of the water bottom. In 
the spring of 1928, on April 18, seeds were collected from among 
the mud of water bottom at Zyumtyogata (lot no. 8). Of these after- 
ripened seeds, 104 out of 369 (28.296) germinated within three days 
though the temperature was carefully controlled not to rise above 15*. 
It is shown in a later section that this lot of material not only exhibited 
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a high percentage of germination when the temperature is raised, but 
also proved to be germination capable at the temperature in the 
refrigerator (2‘’-8'’). The reduction in the requirement is evident. 

All these observed data indicate the necessity of after-ripening for 
the germination of the Euryale seeds. As for the length of the 
period, it is easily conceivable that the environmental condition may 
greatly influence the length. The following table (Table 2) gives an 

Tablk 2. Delayed germination of the Euryale seeds. 

Matorial. seeds of autumn of 1926, sown directly after the hardest 
Germinator, pot 70 em wide and 30 cm. deep, filled with mud and 
water A, m a hot house, B, in “Osakamuro” (a kind of covered 
space, not specially heated). 



example where the considerable length of the after-ripening period is 
indicated. 

It is demonstrated that the seeds sown in mud under water remain 
inactive in the first spring following the harvisst, bdth in a hot house 
and in an “ Osakamuro ”. In the second spring, the majority sprouted 
as much as 85 9^. The remaining minority show no more signs of 
mobilization in the third spring i. e., in the spring of 1929. Their 
later fate is now under study. 
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A few years ago, I encountered a similar phenomenon which induced 
me to assume that the Euryale seeds germinate in general after two 
winters of dormancy under the conditions of their natural habitat. 
As is already referred to in the above section, Miki’s paper in 1927 
(p. 107) and Mr. Nakajima’s personal information mdicate that my 
former view may not be generalized- They observed Euryale seeds 
germinating in the first spring after the harvest. Their data are, 
however, obtained with seeds of Euryale of different origins than that 
of my study, which circumstance induced me to study the germinative 
behavior of Euryale seeds from various localities. These comparative 
studies resulted in showing that, 1) Euryale seeds of other origins 
than Zyfinityogata do germinate to some degree in the first spring, 
but 2) majority of seeds do not respond until the second spring. The 
data in detail will be reported in another place, as the present paper 
is mainly related to the study of the Zyunityogata form. In connection 
with this point, it was found furthermore that if an ample supply of 
material is available in the study, we can obtain sometimes such seeds 
among the Zyunityogata origin as are able to commence germination 
without two winters of afte^ripening. Table 3 represents an example 
where the germination of the seeds of the Zyfinityogata species is 
observed to take place through one winter of after-ripening period. 

In the above experiment, I obtained as high a germination percent 
as 20?6 in the first spring after the harvest. The deviation from 
Table 2 cannot be overlooked. The distinction in their treatment, 
however, seems rather trivial. These circumstances suggest that the 
afterripening of Euryale seeds is rather a delicate process, slight 
modification of the environmental factors causing a remarkable influence 
upon it. At any rate, it must be recognized that in this case also 
the multitude of seed do not germinate in the first spring and that 
the germination percent in the second spring is higher than in the 
first spring. 

A fact of some interest observed in the course of the above 
experiment is that the germination percentage in the first spring is 
higher in the seeds of smaller dimenskm. If we compare the size of 
the seed (represented by the average height of seeds in each fruit) 
m relation with the percent of germinations reckoned for each indivi- 
dual fruit, we can see that such small seeds as of fruits no. 722 and 
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Table 3. Delayed germination of the Euryale seed. 

Material, seeds of autumn of 1927, sown directly after the harvest. 
Conditions in the germinator are the same as the group B in the preced- 
ing experiment except that the seeds were not sown directly in the 
mud, but weie mixed wilh mud and then put into Erii NMi.YKR flasks, 
which were sunk into the bottom of the germinator 



no. 730 exhibit tho highest value in the germination percent. Another 
proof for the similar fact is shown in Table 4, which is obtained by 
measurement with the same 1.t6 germinated seeds in Table 3. 


Table 4. Correlation between the size aigl the, germination. 

Height in mm 7 9 11 i.i ]6 .17 Xotal 

Number of seeds C.'! 4(i ;;6 11 0 166 

Although a few of the larger sized seeds do germinate in the 
first spring, the tendency is by far the moie accentuated in the smaller 
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ones. If we take into consideration these properties in combination 
with the fact that the Euryale seeds from other origins than Zyunityo- 
gata are as a general rule much reduced in size, their germination 
capability in the first spring may have some explanation. 

The relation between the size of seeds and the germination capa- 
bility in the fir.st spring is proved also in the following table (Table 5). 

Table 5. Correlation between the size and the germination. 

Material, no 7 Sown on Nov. 22, 1927 Germinator condition is identical 
to that of ftroup R in Table 3 


Height of Roedi 

Number of 
seeds tested 

Germination in the 
spring of 1928 

over 10 mm 

102 

.7 rl.9?,') 

under 10 mm 

T.", j 

.7 (4.1?.;) 

Total 

2.75 

(i (2.6%) 


In this case, the total germination peicent is very low as compared 
with that of Table 4. At any rate, the germination of the smaller 
seeds is higher than that of largar ones. 

5 EFFECT OF SOME EXTERNAL FAt TORS ON THE GERMINATION, 
a. Temperature relation. 

The relation of temperature to the seeds of Euryale is not always 
the same ; seeds in different stages of the aging process behave 
themselves in different way with the same temperature. 

We have already demonstrated that the seeds freshly harvested 
can not be induced to precocious germination by raising the temperature. 

Seeds in a somewhat more advanced stage but not yet fully after- 
ripened sometimes react with positive result on application of high 
temperature. The effect is, however, far from remarkable and the 
germination percent never attains to a high value at the best. An 
example of such a case is shown in the following experiment. Euryale 
seeds of the lot no. 6, being kept in the laboratory room under water 
{Euryale seeds can not be stored long alive in dry state. The necessity 
of wet storage is imperative to teep their viability. In the present 
paper, readers are requested to understand that all the seeds employed 
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in the study were kept in water up to the time of experiment) since 
the harvest, and were subjected to study on Jan. 7, 1927, i.e., after 
some three months of storage. They were put in Erlenmeyer flasks 
filled with tap water, and incubated at four different temperatures, in 
the dark. The germination percent aftw 45 days is shown in Table 6. 

For seeds in such .stage, 15° was proved to be subminimal and no 
germination occurred at this point. At 20* and 25°, higher germination 
percent was attained and at 30* the value falls again. As a whole 
we cannot obtain a high rate of germination at all. 

In contrast to this result, seeds of Euryale which have probably 
advanced far in the course of after-ripening, not only effect germination 
already at a low temperature, but also react quite active when incubated 
at a higher temperature. We collected in April of 1928 a number 
of Euryale seeds from the sedimental mud at the water bottom of 
Zyunitycigata swamp, where the seeds themselves had been laid un- 
disturbed since the separation from the mother fruits (We cannot tell 


Table 6. Germination at different temperatures. 


Tpmperaturo 

16'’ 

20* 

26- 

OO" 

Number u( seeds tested 

.•W 

26 

66 

27 

Number of seeds sprouted 

0 

8 

21 

2 

Germination percent 

! 

32.0% 

.38.2% 

7.4% 


the exact age of each seed. The lot probably consisted mostly of 
the seeds of 1927 and 1926. Older seeds are, however, not to be 
discriminated). Some seeds of this lot sprouted already in the course 
of transportation from their locality to our laboratory, regardless of 
the precaution of keeping them always under 15* by means of a 
Dewek’s vessel. The germination percent reached as high as 28^2?^ 
in three days m the course of transportation (vide supra, .p. 57). With 
die remaining seeds keeping immobile up t^the ihoment, the study 
with respect to the temperature effect was carried out TTie condition 
of experiment is identical in general to that of Table 6. The study 
was commenced on April 21, 1928. Owing to the shortage in the 
quantity of the material, only two degrees of temperature were tested. 
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The results are shown in Table 7. 

As was stated above, this lot of seeds employed had already 
finished some germination previous to the commencement of this study. 


Table 7. Germination at different temperatures. 


Tempemture 

20" 

26" 

Number of seeds tested 

.SI 

60 

Number of seeds sprouted 

2.-1 

48 

Germination percent 

74.2?i 

80.0?i 


So that the real germination percent must be still higher than the 
apparent estimate in this table which is calculated from the actual 
count in the present experiment. Taking these circumstances into 
consideration, we can conceive the fact that after-ripened seeds of 
Euryale are by far the more ready to germinate than the seeds not 
after-ripened. The cardinal points were not to be determined from 
the insufficiency of the material, yet the result tells the superiority of 
25° to 20° in favoring the germination, a parallel phenomenon to the 
result in Table fi. 


b. Light relation. 

There are reported a number of plant species whose seeds are 
veiy exacting with respect to the light requirement. On the one 
hand, many seeds can germinate only in the presence of the light 
(or prefer by far the light to the dark), while some others, on the 
contrary, are germination incapable or suffer from serious inhibitory 
influence under illuminated condition. Viscum album (Wiesner, 1897, 
p. 506), some GesTteriaceae (Figdor, 1907), Ranunculus sderatus 
(Lehmann, 1909) and Chloris cUiata (Gassner, 1910), etc. represent 
examples of the former category. As for the latter, a rather smaller 
number of cases are established in comparison to the former. Such 
are, for example, Pkacdia tanacetifolia (Remer, 1904), Acanthostachys 
strobilacea (Heinucher, 1903), Vewtdca Toumefortii (Lehmann, 1919), 
NigeUa saHva, and N. damascena (KiNZEL, 1908). Apart from these 
specialists, however, a multitude of seeds are indifferent and can 
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germinate indiscrimately in either the presence or absence of light. 

The seeds of Euryale also seem to belong to the last category. 
The notion at least that their delayed germination is not conditioned 
by the light relation is supported by the result of repeated experiments 
that the seeds freshly harvested are susceptible to forcing neither in 
the light nor in the dark with all the best combination possible of 
other germinative conditions. As for the seeds fully after-ripened, no 
special experiment concerning the light requirement has been conducted 
up to this day. Obsi-rvation at the natural habitat, however, suggests 
their indifference to the light. For the seeds in the natural habitat 
are observed to germinate either on the surface of the mud or buried 
deep. In the laboratory also, though they were tested in the dark 
as a general rule, germination in the light was not infrequently 
encountered by chance. All thesi' observations indicate at least that 
they can germinate either in light or in the dark if they are sufficiently 
after-ripened. 

c. Oxygen relation 

Oxygen supply is a matter of importance among the environmental 
factors influencing the germination, seeds of most plants being incapable 
of germination when the oxygen supply is reduced (ScHEIBLE, 1900) 
or eliminated (Haktleb and Stutzer, 1897, Kraus, 1901). For some 
other species, the absenct* is said to effect even the total loss of viability 
(Maze 1900). It cannot, however, be overlooked that seeds of some 
plants are germination capable with a meager supply of oxygen. 
Such is reported of some land plants (Godlewski, 1904; Lehmann, 
1912), hut is observed much oftner with aquatic ones {Takahashi, 
1905, with Oryza sativa ; Morinaga, 1926 with various plants ; Tera- 
sawa, 1927, with Trapa). It is reported by MoRlNAGA (1926) further- 
more that the reduction of oxygen supply exercises in some cases with 
aquatic species even a better influence on the germination. 

In order to obtain some knowledge with respect to the oxygen 
requirement of Euryale seeds I carried out the following experiment. 
Experiment 1. Material, lot no. 735. Duration of experiment, 2/II 
to 1928 l/III. Temperature, 25°. Light, excluded. Medium, 0.1 9^ 
Knop’s solution, about 100 cc. was allowed per 10 seeds. A. in full 
oxygen pressure : the flask contaming the seeds was set in a Now 
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jar into which pure oxygen gas (supplied from the market) was passed 
for about one hour. The gas was renewed every week. B. in 
anaerobic condition : the medium was boiled directly beforehand, quickly 
cooled to 25°, filled in the flask to the brim, added with the seeds 
and then promptly stoppered with a rubber stopper. The latter is 
bored through with a glass tube which is conducted into mercury in 
a test tube. This arrangement proved effective in keeping the flask 
from breaking through the change in the hydraulic pressure of the 
content, caused by chance variation of the temperature. C. control ; 
the flask was kept unstoppered in the ordinary air of the incubator. 

Result of experiment is shown in Table 8. 


Table 8. Effect of oxygen on the germination. 


Condi- 

Number 


Germination in 


Final 

germination 

percent 

tion 

tested 

Ist week 

2nd week 

Srd week 

4th. week 

A 

20 

« 

2 

0 

0 

50^ 

B 

20 

« 

4 

1 

1 ® 

66% 

C 

20 

6 1 

fi 

1 

0 

COf. 

Experiment 2. 

Material, 

lot no. 8. Duration of the experiment, 


21 /IV to 18/VI, 1928. Temperature, 25*. Light, excluded. Medium, 
water of garden pond, about 100 cc. was allowed per 10 seeds. A, 
B, C denote the same as in the preceding experiment. Result of the 
experiment is shown in Table 9. 


Table 9. Effect of oxygen on the germination. 



Number 

tested 


Germination in 


Final 


1st, week 

2nd. week 

Srd. week 

4th. week 


A 

27 

6 

7 

0 

0 

44.4;; 

B 

36 

13 

2 

0 

0 

60.0;; 

C 

60 

87 

11 

0 

1 ° 

80.0;; 


From the experimental data above tabulated we get to the com 
elusion : — 
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1. The seeds of Euryale are capable of germination under anaerobic 
condition. 

2. Even when the atmosphere is entirely replaced by pure oxygen, 
they show quite a high percentage of germination. 

.3. Among the three conditions tested, viz., ordinary atmosphere, 
oxygen free, and full oxygen pressure, the first two were proved to 
be almost equally fitted to induce the germination, the last being a 
little inferior. 

4. These facts indicate that the act of germination of Euryale 
seeds, at least in the early stage proceeds rather indifferent to the 
oxygen supply. 

The reader may further refer to the section on the experiment to 
bring up artificially the isolated embryo (Section 10, d', where the 
oxygen relation is dealt with again to corroborate the view given here. 

«) WATER RELATION. 

The water content of fully ripe seeds of an ordinary land plant 
is known as a general rule to be about 10 percent (Skene, 1924, p. 
399). Therefore, when transfered to germinative condition, they have 
first to imbibe much water through the seed coat in order to activate 
the intracellular process to commence the germination. 

Therefore, if this preparatory procedure of water imbibition is 
inhibited from .some cause or other, the seeds cannot but remain 
immobile in their incasing structures. The most usually observed 
cause of this phenomenon is the impermeability of the seed coat to 
the water. 'I’he seeds of which the dormancy is ascribed to their 
coat of such obstinate property are known by the name ‘ hard coated 
seeds ’ or simply ‘ hard seeds ’. Examples of such are not infrequently 
encountered in nature, and the I^guminosae are especially noted in this 
respect. Observations and experiments concerning the mechanism of 
this phenomenon and the methods to overcome it were treated by 
many investigators (see the review on pp. 48-49). 

The question if the delayed germination of Euryale seeds are also 
caused by similar condition may certainly be answered in the negative, 
considering the invalidity of decortication to force the seethe which 
fact is treated in the latter section (Section 8.). 
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Apart from this point, however, the water relation of seeds cannot 
be neglected in the physiology of germination, and it may be worth 
while to report some experimental results along this line. 


a. Water content of the seeds. 

The water content of the Euryale seeds tend to be reduced towards 
the time of maturation. The actual course of the change, however, 
is not yet traced in detail. As for the fully matured seeds which are 
ready to be delivcri'd fre«*ly from the degenerating mother fruit, the 
dry matter is usually found to be a little above 50 percent. In a 
case with the sample of 1928, 1 have once obtained a result of 55,2 
percent dry matter (mean value of ton seeds from one and the same 
mother fruit. The seeds were 12.0-12 2 mm high), but such high 
value seems to be of a rare occurrence, and dry matter content of 
only a little over 50 percent is more usual. 

Distribution of the water in the parts of the seed is not uniform. 
Calculation from the data in Table 1 (in the appendi.x) gives the 
following values as the dry matter contents of the parts of a seed. 
Whole seed 51.0 ±1.354-"'6 

Seed coat 44.13 ± 1.701 9^ 

Inner part 59.18 ± 1.06-1 

It is shown that the water content is a little less than half in the 
whole seed, higher in the s<*ed coat, and much less in the inner part. 
At any rate, if compared with the land plant, it will be realized that 
the Euryale seed is quite rich in water. 

We have next studied whether seeds of such a high grade of 
water content are actually saturated to the full, or whether they are 
capable of further imbibition of water in the case of elimination of 
inhibitory factors if any. The first method thereto is to decorticate 
a seed, counterpoise, put into water of suitable temperature and note 
the chaage in weight by repeated weighing at interval. During the 
act of we^H^ing,. the decorticated samples were kept in a small weighing 
bottle with a little watw to keep them from loss of moisture through 
evaporation, and we could thus redace the error of measurement less 
than 0.002 g. Tables 10 and 11 are the results of these studies. 
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Table 10. Change in weights of decorticated seeds in water. 

Matenal, lot no 66 Temperature, 25“ Medium, tap water 


Jan. 27 ('1927) 
18 h 


a 0.G042 
b 0 6156 
c 0.4905 
d 0.6600 
e 0.6740 


0.6042 

0.6156 

0.4986 

0.6600 

0.0761 


0.6041 
0.6148 
0.4982 
0.6601 
0 0749 


Table 11 . Change in weights of decorticated seeds in 
different media and at different temperatures. 
Material, lot no 66. 



Temp 1 Medium 


Weight (mg ) 


9/11 '27' 
16 h 

1 10/IT 

16 h. 

11/ir 

17 h. 

a 

26“ Tap water 

674,0 

670.4 

667.4 

b 

M j 

492.7 

491.. 3 

490.4 

c 

Room temp ;0.06“i Knop’s solution 

682.6 

680.6 

678.9 

<i 


619.3 

617.0 

616.6 

e 

Tap water | 

601.8 

601.4 

600.8 

f 


668. .3 

664.1 

663.8 


It may be concluded from these results that the seeds of Euryale 
are always saturated with water and the elimination of the seed coat 
has no effect to force the seed to absorb more water. In some cases 
even reduction of weight, though rather insignificant, was observed. 
This may be explained by the diffusion of the matter away from the 
seed thanks to the elimination of the seed coat. Elxact study about 
this matter was not carried out further. 

The above expressed opinion that the seecTS need* no more watra: 
in the actual procedure of germination was also realized from the 
following experiment. 

We selected for the material to study such a lot of seeds of which 
we were sure of quite a high percentage of germination by preliminary 
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study. A number of such seeds were each weighed, laid in germinative 
condition and a daily record of change in weight was kept until the 
commencement of germination. Example of record with a few seeds 
is shown in Table 12. 

'fABLE 12. Change in weight of whole seeds. 

Mutenal, lot no 61 Date of exp , 3/II, 1927 Medium, tap water. 

* indicates the commencement of germination on that day. 


Tempcralure 

20“ 1 

20“ 

20“ 

«0“ 

1 

1 day 

071.1 

1066.7 

1290.4 

931.6 

0 1 

M rlay^ 

069.0 

1064.9 

1288.4 

9.31.4* 

1 

7 

1 072.0 j 

1067.. 1 

1292.1 



10 „ 

07.S.0 

1067.. 3 

1292.2 


IT 

17 „ 

: 071 .5 1 

1004.9 

1292.2* 

1 

^ : 

20 ,. 

i 971 7* j 

1064.9 




28 ,. 

1 

1066.1* 1 



We 

can hardly 

recognize any 

increase in 

weight beyond the range 


of experimental error, so that we may safely conclude that the pre- 
paratory imbibition of water is not required by the germinating seeds, 
or that the delayed germination of Euryale seeds has no concern with 
the water exclusion due to the seed coat. 

Another support to this conclusion is furnished by the behavior 

Table 13. Change in size of embryo isolated from the seeds. 

Material, lot no 740. Date, 15/If, 192B. The unit of measurement 
denotes the division of an ocular murometer corresponding to 1/30 mm. 


IniUai size I Final size 



Length 

Width 

Length 

Width 

a 

86 

80 

86 

80 

b 

76 

76 

76 

76 

c 

76 

77 

76 

78 

d 

73 

79 

76 

78 

e 

77 

i 78 

77 

79 

average 

77.2 

77.8 

77.4 

78.0 
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of the embryo itself when it is isolated away from the seed. In such 
case, the embryo is not observed to be favored in absorbing water. 
It remains the same after the manipulation as before, or it appears 
indifferent whether the free supply of water is permitted or not. 

In Table 13 are recorded the magnitudes of embryos at the moment 
of isolation and after a period of subse.quent incubation at 25° in tap 
water for 48 hours. 

The matter treated in this section may be briefly summarized ; — 

1. Euryale seeds arc possessed of a comparatively larger amount 
of water from the outset. 

2. The inner parts, viz., embryo, endosperm and perisperm are 
fully saturated of water and we can induce no further imbibition by 
means of decortication. 

3. Preparatory water intake docs not seem necessary for germi- 
nation. 

4. The delayed germination cannot be ascribed to the water 
exclusion, if any, by the seed coat. 

b. Water permeability of the seed coat. 

From the fact just described in the preceding section that the 
seeds of Euryale are saturated with water, we can naturally prc.sume 
that the seed coat must not be impermeable to water. Of course, 
the water passing through the coat must encounter a certain degree 
of resistance and the velocity must be more or less diminished in 
comparison with the case of free passage. In connection with the 
problem in the preceding section, we planned some experiment to 
determine the relatiye resistance of the seed coat to the passage of 
water. The procedure of the experiment is as follows. 

The seed is first bisected along the equatorial plane, and scraped 
away of its inner portion to obtain from one seed two hollow hemi- 
spheres of coat. The test material thus prepared is mounted, along 
its circular rim, on one end (upper) of a smtlll piebe of glass tube 
(A) of the same width as that of the seed. Venetian turpentine is 
used for cementing. The other (lower) end of the tube (A) is con- 
nected to the lower end of another tube (B) with a rubber tubing. 
After the set is completed, it is filled with water preyiously boiled 
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and rapidly cooled. Both tubes are fixed in vertical position and the 
free water surface in the tube (B) is covered with a thin layer of 
olive oil to prevent evaporation, and is arranged so as to keep the 
same level as the upper end of the tube A. 

In the course of lime, the water passes away through the surface 
of the seed coat and the evaporated volume may be calculated from 
the depression of the niveau in (B). As a check test, the evaporation 
through a gypsum mould of the same cast as the material was employed. 
In Table 14 is shown an example of experimental results. The resis- 
tance recorded there denotes the reciprocal of the quantity evaporated 
in 24 hours. 

Table 14 Flvaporation through the seed coat. 

Si/e of the «cod 6.1a. 1.3 mm high and 12 2 mm wide 63 b, 13 mm 
hish and 12 0 mm wide Thickness of the coal, 1mm Temperature, 
ir-20°. Relative humiditv, 82-H6 Date of experiment. l.t-15/III, 1927. 
mitrop, micropylar hemisphere, antim., antimicropvlar hemisphere. 


Lot 

Part 

' Evapoiation i 
m 24 hours ' 

Resistance 

Ratio of 

resistance 

no 63 a 

miorop 

[ «0 84 1 

0.01(14:'. ] 




anti*m 

1 f>9.4fi 

0.01682 

16.95 



total 

! 120.30 j 

O.C08.312 

1 


no. b 

, mnrop 

[ 42.C9 j 

0.02.348 




1 anti-m 

1 42.59 j 

0.02.348 




i total 

' S.'i.lH 1 

0.01174 



av<>raj|!e 


i 102.74 j 

0.009740 


! 19.64 

control 

1 hcmisph 

i 1008.0 i 

0.0tKi9922 1 

1.00 



j 2 hemisph. 

1 2016.0 j 

0.0004961 


1.00 


It is demonstrated that the seed coat of Euryale is permeable to 
water although the resistance is quite high in comparison with the 
same thickness of gypsum. 

We have described already in the former section the structure of 
the seed coat and shown that it is not of uniform constitution. Then 
it is quite natural to expect that the distribution of the above said 
resistance among the different layers of the coat is not uniform. So 
that is was intended in the present study to determine the relative 
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degree of resistance of each different layers. As a matter of fact, 
however, it proved impracticable to test each separate layer one by 
one, for some of them were devoid of sufficient mechanical indepen- 
dence owing to their thin construction. These circumstances compelled 
me to limit the comparison to one case, viz., the outer two layers 
combined versus the inner two also combined. Between these two 
combinations, there exists a plane of weakness, which is ready to 
separate the two if only a slight strain is applied. 

For these reasons, only the companson of the outer and the inner 
part of the coat was studied. An example of the results is shown 
below in Table 15, in which was employed the one of the materials 
already tested in the above table, viz., the antimicropylar half of no. 
63 a. This material, directly after the close of the former experiment, 
was separated into two parts, i. e., the outer two layers and the inner 
two, and the water permeability was determined for each, by the same 
method as described before. 


Table 15. Companson of the water permeability of 
the different layers of the seed coat. 
Temperature, 12'’-20’. Relative humidity, 82-86. Date of experiment, 


16-17/111, 11127. Control 

IS the same as 

in the preceding table 


Part of the 
seed coat 

Relative 

thickness 

1 Evaporation 

■ (cubic mm ) 

' Resistance 

j Ratio of resistance 

Outer layers 

C6 

.340 7 

1 O.OC29 

18.5 


Inner layers 

7 

77.20 

j 0.0129 

81.6 


total j 



1 0.0158 

100.0 

17.1 

control 

73 1 

1082. 

j 0.0009241 j 

1 

1 


The separate layers exercise by far the smaller resistance to the 
passage of water than the whole layers combined, but the resultant 
sum of each separate resistance approximates the single resistance of 
the whole layers combined. As for the relative resistance of the parts 
of the coat, there js demonstrated a remarkable contrast between the 
outer and inner layers. The latter, notwithstanding its minor thickness, 
proved to be very resistant to the passage of water. This characteristic 
is probably due to the suberized cell wall in the innermost layer. 
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7 MECHANICAL RELATION. 

Of the functions of the seed coat, one of the most fundamental 
significance is the protection of the inner structure from injurious 
influences from outside. The resistance to the mechanical interferences 
is in particular aimed at in many seeds, and cases are not infrequently 
encountered where the character is accentuated far beyond the practical 
necessity. In such cases, not only the external stress is antagonized, 
but also the enlarging of the embryo itself is much interfered with, until 
at last in some extreme cases the imbibition of water by the embryo 
is almost wholy prevented, thus causing apparent dormancy of the 
seed. Examples of such arc shown by Crocker (1907) and by 
Crocker and Davis (1914). 

As for seeds of Euryale, it is demonstrated in the preceding 
section that the seeds are well saturated with water from the outset. 
The inner part of the seed has, so far as the imbibition of the water 
is concerned, no relation with the mechanical resistance, if any, exercised 
by the seed coat. If, however, once the act of germination lakes 
place and the cells of the embryo grow, the latter has first to overcome 
the mechanical interferences of the seed coat in order to develop away 
from inside of (he incasing .structure. In this state of the matter, 
the problem belongs to the physiology of a seed already commenced 
germination or a seedling, and is no more within the reach of the 
phenomenon of the dormancy, the principal theme of the present 
study. However, from the general viewpoint of the germination 
physiology, the matter is of no little consequence and it may be 
worth while to treat of the experimental results along this line. 

a. The relation of the embryo and the seed coat 
in the course of the germination. 

The seed coat consists for the most part of a thick layer of highly 
developed sclerenchymatous cells and constitutes so resistant a structure 
that it proves very hard to destroy it. But, so far as the act of 
germination is concerned, this great resistance of the whole seed coat 
exercises almost no effect except at a limited region, that is to say, 
at the ihicropylar operculum. If once the act of germination takes 
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place, this latter structure has to be replaced out of its position by 
the elongating hypocotyl. Through a minute perforation thus originated, 
the cotyledonal stalks of the embryo elongate themselves, and the 
young plant comes into sight pan passu. (Okada, 1925). The embryo 
needs to overcome only the resistance of the operculum which is keep- 
ing its position with the surrounding part. The necessary mechanical 
work is naturally limited to a small region. Moreover, the suture line 
of the opereulum with its surrounding part cannot be very solid, for, 
as IS plainly shown in former section (Section 3), the epidermal layer 
IS much reduced in its thickness along 
p p the suture line, and the cell wall of the 



underlying layer is thin and non-lignified 
(p 53 and Text-fig. 1). The embryo 
concentrates its force of growth against 
this weak point, leaving the remaining 
part of the seed coat undisturbed. 

b. Resistance of the operculum. 

The measurement was ixinducted m 
the following manner. 

First the seed to be tested is bisected 
along the equatorial plane by means of 
a small saw, and from inside of the 
micropylar hemisphere, the inner struc- 
tures were .scraped away, taking precau- 
tions not to disturb the connection 


between the operculum and the sur- 
rounding \)art. This hemisphere is sub- 
jected to the test. In the meantime, a 


rRi/i 

1 0 



3 r 

Text-fig. 4 

Apparatus 

test the resistance of the of 

culum. g, gypsi 

urn block , 


operculum; w, weight. 


small gypsum block was prepared with 
a depression on the upper surface to fit 
the above hemisphere. 'Another smaller 
depression is made further in the first 
one at the bottom. Now the test material 
fitted in the first depression in the gypsum 
block is brought under a small vertical. 
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shaft which is freely movable up and down. ITie lower tip of the 
shaft is adjusted to press just against the operculum and subsequently 
weight is charged little by little (by 0.5 g) to the shaft until the 
operculum yields to the charged pressure and falls into the smaller 
depression. The general arrangement of the contrivance is diagram- 
matized in Text-fig. 4. The weight of the shaft plus the charge at 
the critical moment was accounted for the resistance of the operculum, 
and from the area of the latter, the value was changed into atmospheric 
pressure by calculation. 'ITie tests were made either in wet or in 
dry state. Results are shown in Table 16. 


Table 16. Resistance of the operculum. 


Condition j 

Preigure applied J 
(in It ) 

M<‘an diameter ^ 
of o|>ercuIum j 

Pressure 
(in atm ) 


2R.r> 

1.6 1 

1.56 

Wet 1 

Cl .r> 

I.f) 

2.96 


r/>..') 

1.(1 i 

1.71 

average 1 



2.07 


l::o 

1.6 ' 

6.65 

Dry j 

62.5 

1.6 

2.67 

66.0 

1.6 1 

.*1.07 

average i 



4.16 


The obtained results are rather variable, but the general tendency 
can be perceived that the resistance is by far the smaller in the wet 
condition than in dry, a fact demonstrated by Muller (1914) with 
many seeds. As the seeds of Euryalr germinate ordinarily under 
water, it needs no special mention that the resistance in the real case 
is limited to that in the wet condition. 

c. Force of growth. 

Measurement was performed by means of a small dynamometer 
after MfiLLER (1914). A slight modification was made to the apparatus 
in the fixing device of the seed. As the incasing structure of the 
Euryale seed is highly resistant and the growing embryo has no 
concern with it except at the operculum, the seed under test was fixed 
in the pi^oper position by directly pressing it between two horizontally 
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movable platelet. The seed was arranged in such a position that the 
axis of the embryo comes vertically under the spring of the apparatus. 
The measure spring was of such a strength that the approach of the 
indices is 1.9 mm. per 100 g. of the charged weight. During the 
course of the measurement, the lower part , of the apparatus was 
dipped in water up to the level of the top of the seed, so that the 
embryo was kept moist always. 

The procedure of the actual measurement is as follows : A 
number of after-ripened seeds were incubated in a proper germinative 
condition and kept under incessant observation. If any seed of them 
were found to indicate a first sign of germination (the beginning 
dislocation of the operculum), it was taken immediately, fixed in the 
proper position on the dynamometer, gently pressed down with the 
lower plate of the spring against the micropylar pole of the seed 
(the initial pressure to be applied is some 150 g.), and then allowed 
to grow at a constant temperature of 25°. Aftej* a lapse of some 
time, the embryo is sure to grow, push against the compression of 
the spring and the indices naturally approach themselvts, until at last 
the force of growth of embryo attains its maximum and the indices 
remain stationary. Then the approached distance is measured by 
means of a horizontal microscope. The value obtained is changed 
into the pressure and, further, from the cross sectional area of the 
embryo, the value is changed again into atmospheric pressure. Thus 
the force of growth of the embryo charged on the operculum is 
estimated. The results of the measurement are shown in Table 17. 


Table 17. The force of the growth of the embryo. 


Lot 

Force (g.) 

Mean diameter of 
the cross section of 
the embryo Cmm ) 

Force (atm.) 

no. 7.19 

374 j 

2.7 

6.82 

jio 8 

311 

2.6 

6.67 

no 8 

225 

2..T4 

1 . 6.06 

no 8 

346 

2.6.8 

! 6.76 

no. 8 

266 

2.67 

4.76 

average 

- 

1 

6.61 


Thus we estimate the force of growth of the germinating embryo 
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roughly to be 5 atm., by far stronger than the resistance of the seed 
coat in wet state. Therefore, if the act of germination is once com- 
menced, the operculum yields readily to the pressure from the part 
of the embryo and the latter finds its way to the external world 
through the perforation thus originated. 

8. EFFECT OF DECORTICATION. 

According to the generally accepted conception on the problem of 
delayed germination, the hindrances in the part of the seed coat are 
ascribed either to the mechanical interference of the seed coat in 
inhibiting the inner part from free imbibition of water or to the 
impermeability of water or oxygen through the seed coat. 

As for the seeds of Euryale, the view that neither of these con- 
ditions seem to be applicable is easily conceivable from the data in 
the foregoing sections. Thus the expectation naturally follows that 
the elimination of the seed coat may produce no effect in awakening 
the dormant seeds. This view is already proved in my previous work 
(Okada, 1925). The experiment below is another example to show 
the inefficacy of decortication. 

Eotperiment : — On 20/11, 1926, 30 seeds of the lot no. 5 were 
desinfected by dipping in 1 ; 1000 solution of corrosive sublimate for 
ten minutes, and decorticated with sterile knife (the whole part of A 
and B layers with the perimicropylar part of C layer were scraped 
away). They were then each put into a test tube. For the germinative 
media, ordinary tap water was given for ten of the seeds and 0.1 
Knop’s solution for the remaining twenty. The vessels with the 
media were previously autoclaved. Incubation at 25* in the dark. 
After the lapse of a month no symptom of germination was observed. 
The culture was kept further for one year, in the latter part of which 
period all of the tubes Were infected with microorganism. Some of 
the seeds appeared still quite healthy notwithstanding the contamina- 
tion, but none of them ever germinated. 

9. EMBRYONIC CHARACTERS. 

We have dealt in the preceding several sections with the study of 
the seed coat cheuacters in connection with the problem of dormancy, 
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to arrive at the conclusion that there are no direct relations to be 
accepted. Then it follows naturally that the dormancy must be due 
to some other part than the seed coat. Now, of these remaining 
parts of the seed, the embryo itself is first worthy of study as it 
essentially represents the future life. In the study of the embryo, 
again, two cases must be distinguished, the one of morphological, 
and the other of chemical significance. The former case is observed 
in such seeds as are provided with rudimentary embryos which are 
not sufficiently differentiated. For such incomplete embryos, the 
necessity of after-ripening is almost imperative, during which period, 
they grow on and accomplish differentiation, until at last they assume 
a certain definite structure and magnitude to commence germination. 

Another possible case is presented by those seeds in which the 
embiyos are, though quite completed morphologically, not yet sufficiently 
matured chemically, that is, the intracellular condition is not yet so 
euranged as to respond readily to a germinative condition. After a 
lapse of time, during which the necessary chemical changes are com- 
pleted in the cells, the embryos become, for the first time, germination 
capable. 

In order that we may determine to which of the two possibilities 
the case of the Euryale seed is due, inspection must be made into 
both the morphology and chemistry of the embryo. We will now 
proceed along this line of the problem. 


a. Morphological. 

The embryo of the Euryale seed is a rather minute body situated 
at the micropylar pole of the seed (Text-fig. 1, p. 52). The general 
appearance may be roughly described as globular. It is already 
differentiated quite well at the time of the harvest and we can easily 
distinguish the plumule, cotyledons and hypocotyl. On the ptunmle, 
we can further discern 2-3 primordial leaves and in tl>e cotyledons 
the rudiment of the Conductive tissue. THS hypbcotyl is poorly 
developed, being represented by the connecting region of the cotyledons 
in pair. 

As compared with these configuration of a fresh embryo, we will 
study next that of the embryo of an after-ripened seed. As the 
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material of the study, we have selected the lot no. 8, which had been 
exposed to after-ripening in the natural habitat and whose germination 
capability had been previously established by experiment. (Germination 
percent of at least 80%). 50 seeds of this lot were dissected, the 
embryos were examined, and the result proved that the multitude of 
them are not to be distinguished in their appearance from that of 
the fresh seeds. Nor was any improvement recognized in the differen- 
tiation of the structure. However, there were found a few seeds (8 
out of 50) of which the cotyledons were swollen larger as compared 
with those of the normal ones. The possibility that such embryos 
are also capable of germination is supported by the fact that we find 
both normal sized and swollen cotyledonated embryos in case of 
examination of seeds just commencing germination. The rate of 
occurrence of the latter ones was 8 out of 50 in one ccse, and in an 
extreme individual, a cotyledon as long as 4.1 mm. (exclusive of the 
after germination increase) was measured. If the record in Table I 
in the appendix is consulted, we learn that the average length of 
cotyledon (practically the same as that of the embryo) in fresh seed 
is 2.75 mm., so that we can recognize a distinct enlargement in this 
example. In such enlarged cotyledons, the consistency seems also to 
be transformed and they appear decidedly more transluscent. As for 
the differentiation of the parts, no remarkable change was recognized. 

Taking into consideration together these observed data, we may 
give the suggestion that the preliminary growth of embryo in the 
seed in the course of the after-ripening seems to be of rather rare 
occurrence, and in the multitude of cases such preparatory procedure 
can be totally dispensed with. The capability of germination of 
embryos with cotyledon enlarged previously is also not to be excluded. 

b. Chemical. 

Composition of., the embryo of the Euryale seed was studied pro- 
visionally by means of the microchemical method. Results of studies 
with the embryo of freshly harvested seed are tabulated below (Table 
18). For convenience sake, data concerning the perisperm and endo- 
sperm are also annexed. 
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Table 18. Microchemistry of embryo, endosperm 
and perisperm. 


Object of study 

Embryo 

^art of see 

d 

Method of test 

Starch 

- 

- 

4+ 

Staining with MK-solution 

Reducing sugar* 

- 

- 

- 

Reduction of Fehling solution 

Fat 

■H 

++ 

— 

Staining with Sudan III 


- 

- 

- 

Reduction of osmic acid 

Protein 

■H 

4+ 


Millon’s reager.s 


-t- 

-P 

+ 

Biuret reaction 


-t- 

■h 

' -f- 

Xantboprotein reaction 

Catalase 

++ 

H 

-1- 

Os-evolution from HjOs 

Oxidase 

- 

- 

— 

Oxidation of guajac tinct 

Peroxidase 

- i 

- 

- 

Do. in the presence of HjOs 


positive reaction remarkable, + positive reaction recognized, — negative reaiult. 


As for the composition of the after-ripened seeds, similar studies 
were carried out. Of those substances tested, we could recognize no 
remarkable difference so far with starch, fat and protein by means of 
the microchemical method. The case was dissimilar with reducing 
sugar. In this latter substance, the distinction was found to be con- 
siderable. While we could demonstrate no sugar in fresh seeds, it 
was encountered with a multitude of after-ripened seeds which react 
positive to the sugar test. The presence of reducing sugar is shown 
most clearly in the embryo and in the endosperm, but we can demon- 
strate it also in the perisperm region. Hence it may not be very 
improbable that the sugar is produced through the hydrolytic decom- 
position of the starch ** in the penspram, and then transferred to the 
embryo. According to this suggestion, the antecedent action of the 

* In order to determine the kind of reducing zugar, the methodi after Senft (1904) 
and Grape (1905) were applied. The treated preparations prpduoed in both 
cases a multitude of minute yellow particles, bnf-any trace of the typteally 

bundle shaped crystals was never discovered, so that exact d.., : 1^.. . 

not achieved. In the table, therefore, it is denoted simply as reducing sugar. 

*• The decrease of starch due to this cause seems to be quite tnsigaifieaiit in cc„ 
parison with its total quantity, so far at least as the actual genliination dees not 
take place. That is why we could not confirm the change in quantity of starch 
during the after-ripening period simply by means of the microchemieal method. 
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hydrolytic agent must be assumed. If such is really the case, the 
production or activation of amylase preceding the appearance of 
reducing sugar is to be expected. The positive result in the experi- 
nrent to force the seed to germinate by the application of amylase 
(vide infra, p. 96) seems to support the probability of this view. 

Further, if this suggestion be really the case, some other proto- 
plasmic changes simultaneous to, or rather more probably preceding, 
the appearance of amylase activity are to be expected as well. The 
hitherto reported changes in the course of after-ripening of various 
plants, for instance, the activation of catalase (Eckerson, 1923, p. 
290, with Crataegus * ; Sherman, 1921, pp. 7-8, with Crataegus ; 
Rose, 1919, p. 293, with Tilia ; Crocker and Harrington, 1918, 
pp. 1.58 9, with peach ; Jones. 1920, pp. 141-3, with sugar maple ; 
Davis, 1927, pp. 239, 255, with Comus and Sambucus), the increase 
in acidity and titrable acid (Eckerson, 1913, pp. 290-291, with 
Crataegus ; Atwood, 1914, pp. 407-8, with Avena fatua ; Rose, 1919, 
pp. 290-2, with Tilia ; Jones, 1920, p. 146, with sugar maple ; Pack, 
1921, 1, pp. 146-7, with Juniperus ; Davis, 1927, pp. 245-6, with 
Comus florida **) etc., may be considered to represent some phases 
in the connected mechanism. Study along this line of the problem 
is also in firogress with the present material, the result of which I 
hope to report in the very near future. 

The parallelism between the appearance of reducing sugar and 
the improvement in the percentage of germination is reported with 
seeds of many plant species (Eckerson, 1913, with Crataegus mollis ; 
Rose, 1919, with Tilia americana; Jones, 1920, with sugar maple; 
Pack, 1921, with Juniperus ; Jones, 1923, with Ilex opaca ; Davis, 
1927, p. 246, with Comus florida). It is explained by the facility in 
the transformation of the energy offered in the form of reducing 
sugar, thus allowing supply of easily utilizable energy to commence 
the act of germination. The dose relationship of the two phenomena 
is further proved the experiment in a later section (pp. 86-88) 
where is demonstrated the efficacy of forcing isolated embryos by the 

* Slight incr««*e was noticed by microchemcisl method. 

increaie in amino acid was ptowd macrochemically. As for the hydrogen 
km concentration of the leed of this plant, any remarkable chante waa detected 
by neither the colorimetric nor the quinhydrone potentiometer method. 
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artificial supply of sugar from outside. 

It must be noticed, however, that the presence of sugar, is not an 
imperatively indispensable condition for the commencement of the 
germination. For we have encountered at times such seeds just 
beginning germination as react negative to the sugar test (in the 
stage when the operculum is being pushed away by the elongating 
embryo). Such examples were found to occur more in seeds forced 
by high temperature. The fact suggests that other condition or 
combination of conditions may as well substitute for the function of 
sugar and effect the mobilization of the embryo. 

As for oxidase and peroxidase, the former seems to appear in the 
embryo and endosperm, but not in the perisperm of sufficiently aged 
seeds, while the latter cannot be detected clearly in any of these parts. 
A more detailed study, however, is to be accomplished with respect 
to these ferments. 

Form the data so far mentioned, we may conclude that the 
chemical properties of the seed suffer as a general rule some trans- 
formation. As other possibilities which are reported to be responsible 
for causing delayed germination do not seem to fit the present case, 
this last theory must be adopted, that is, the chemical nature of the 
seed is so transformed in the course of after-npening as to become 
easily susceptible to the germinative stimulus of the environmental 
factors. The appearance of sugar represents one phase of such 
transformations. 


to CULTURE OF I.SOLATEI) EMBRYOS 

Through the preceding sections we have engaged in the study of 
the delayed germination of Euryale seeds to attain the conclusion 
that their dormancy is attributable to the properties of the embryo 
itself. We have learned further that the cause of the dormancy is 
not of morphological but of chemical character, that is, so far as tihe 
structure is concerned, the embryos of Euryale seeds are sufficiently 
matured when the fruits separate from their mother plants, and the 
necessary process during the period of the after-ripening is concerned 
almost exclusively with the chemical changes in the embryo. To 
what extent the latter changes concern or which aspect of them is 
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to be appreciated to be of the most fundamental significance, we 
know but little. There is much left to be pursued along this line of 
problem. However, if we limit ourselves to the knowledge already 
obtained, we may mention some points of not minor significance. We 
know, for instance, that the embryo shows a remarkable distinction 
at different stages with respect to the sugar content; the embryo of 
the seed freshly harvested contains no sugar in general, while we can 
demonstrate its presence in the multitude of samples after-ripened. 
Taking these circumstances into consideratbn, it may not be very 
inconsistent to assume that the appearance of sugar indicates at least 
a favorable condition to induce the germination. We have started 
some experiments with these assumptions as working bases, and have 
experimented to determine whether an embryo isolated from its sur- 
rounding attributes (seed coat, endosperm and perisperm) may be 
artificially forced to germinate by means of an external supply of 
sugar. The study may serve as a parallel proof to the statical study 
of the chemistry of the embryo, and furthermore, some of the pro- 
blems in the germination physiology may as well be studied with the 
isolated embryo. With these expectations in view, experiments were 
carried on of which the results are arranged in the following lines. 

a. Method. 

The problem whether or not the isolated embryo is capable of 
growth by an artificial culture method outside the own seed has been 
studied by many Investigators (see the review in detail in the paper 
by Stingle, 1907), and it was achieved by some (Hanning, 1904; 
Dieterich, 1924; Yoshii, 1925) to bring up the isolated embryos of 
even immature seeds of some plant species. 

The seeds of Earyale, although they are apparently fully matured 
so far as the morphological characters are concerned, are none the 
less incapable of germination before the after-ripening. I have there- 
fore started the study first in testing whether the embryos are ever 
capable of being forced in culture ihedia recommended by former 
workers in bringing up immature. embryos. 

After the attainment of positive results in that experiment, I tried 
further to analyze the effect of the ingredients of the media, which 
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study proved the dominant importance of the contained sugar. The study 
was then extended to compare the effect of various kinds of sugars and 
also of different concentrations. Along with these studies, the oxygen 
relation of the embryo in artificial culture and the different effects of 
media due to their hydrogen ion concentrations were investigated. 

Before proceeding to report on the experimental data, remarks 
will be given concerning the general method of experiment applied 
throughout these studies. 

For the materials of these studies, seeds of EuryaU were employed 
which were collected in the autumns of 1926, 27 and 28, and since 
kept in the laboratory room until the time of experiments. They 
were first dipped in 0.1 solution of corrosive sublimate for about 
five minutes, washed with sterile water, and then with absolute alcohol, 
rapidly passed through the flame of a burner, and dissected with a 
sterile knife, to isolate the embryo from the surrounding structure 
under as sterile condition as possible. As for the culture vessel, 
ordinary test tubes (some 1.6 cm. wide and 20 cm. long) were invariably 
employed. Culture media were divided into these tubes by 10 cc., and 
then sterilized m flowing steam. When sugar solutions of high acidity 
were employed, the sterilization was exercised separately with the 
sugar solution and the acid solution. Into each test tube was placed 
a single embryo. Incubation at 25°, in the dark. 

In order to keep the culture from contamination, the preparation 
of the embryo was necessarily conducted with especial care, and 
accordingly the work proved to be rather troublesome and complicated, 
which circumstance compelled the study to be made with a limited 
number of samples. To compensate to some degree the shortage in 
the number, all the embryos employed were discriminated with their 
respective lot number of mother fruits, and in case of comparative 
study, discretion was exercised to match the materials from the one 
and the same mother fruit, so that the error ^ to the individual 
difference of the fruit might be reduced as far as possible, 

In the tables below, the results of the studi^ on the gennination 
of the whole seeds are also attached for the purpose of comparison. 
These whole seeds were tested in uniform manner for all of the ex- 
periments ; they were sown in tap water, incubated at 25° in the dark, 
and the germination percent was couirted on about the 4Sth day> 
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b. Germination capabflity of isolated embryo. 

As IS stated above, the study was first undertaken to determine 
if the isolated embryo of Euryale is susceptible to forcing by means 
of artificial culture media. The solutbn recommended by Yoshh 
(192.5, p. 108) to bring up the immature embryo of Pharbitis was 
first tested. The composition of the media is : — 0.1 Knot’s solution 
100 cc., Saccharose 2.5 g. and Asparagin 0.05 g. The results are shown 
in Table 19, and some of the samples in this experiment are shown 
in Plate I, fig. 1. 


Table 19. Germination of isolated embryo. 

Date of experiment, 14/Vl, 1927 


Lot 

Number of 
seeds tested 

Observation after 

20 days 46 days j 

60 days 

Germ pet. of 
whole seeds 

no. (12 

6 

++ 2 1 -H .T j 

+ 2 j + 1 i 


16. 7» 



cont 1 1 ront 1 ! 

no 

increase 



no. 08 

in 

++ 0 1 W 3 1 

- 6 ; - 6 1 

in the 
count, sec 


no 69 

9 

cont 1 1 cont. 1 1 

~"+ ~ ! S~ 5 

- “ ! ± ! 1 

the note 
below 

! 

1 — 

1 Of; 

j 

Totol 

26 

1 

1 negat 9 
j germ, pet* 60.9?; 



The symbols and abbreviations in the table are — ftt. leaf expanded; ++, 
plumule elongated; +, embryo elongated, these three belong to positive results 
— , no sign of germination; cent., contaminated; posit,, positive result; iwgat., 
negative result; g«rm. pet., germination percent. These symbols and abbrevia- 
tions hold good also in other tables in this section. 

* the contaminated samples are excluded from the calculation. 

From this experiment we learn that the isolated embryos prepared 
from dormant seeds are susceptible to forcing provided that a proper 
medium is applied. 
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Those embryos marked wit ♦» in the table continued to grow 
further, but all the rest showed no remarkable change, so that if the 
mere percent of germination is accounted, there is no improvement 
in 60 days count. Therefore, the counts in 45 days may be regarded 
to represent the highest value of germination percent obtainable. 

c. Significance of sugar to force the embryo. 

In the preceding experiment, we employed as culture medium the 
Knop's solution with sugar and asparagin added, and demonstrated 
its efficacy to force the isolated embryos. Now, m order to proceed 
further to determine to which component of the above medium the 
effect is due, we tested with various combinations of the above three 
components. As a control test, the behavior of isolated embryo in 
pure water was also studied. The results are shown in Table 20. 
(With respect to Tables 20-27, actual counts in detail are given in 
the tables at the end of the paper.) 


Table 20. Comparison of the effect of each component. 
Date of expenment, 10/11, 1928. Matenal, seeds of tlie autumn of 1927 




Sugar containing 

Sugar free 




I ; 11 1 HI i IV 

V 

VI 

VII 

0 

Composi- 
tion of 
media 

0.1 "s Knop’s 
solution 

Asparagin 

Saccharose 

lOOcclOOcc! — i — 

— i — jlOOcc jlOOcc. 
O.C6g' 0 j 0 10.06 g. 
2.6g. j 2.6 g 1 2.5g 2.6g. 

100 cc 

0.06 g. 

0 

100 cc. 

0 

0 

lOOcc. 

0 

0 

Germ pet after 46 days 

88.9 1 95.0 1 84,2 | 80.0 

0 

0 

0 



The dominant efficiency of sugar is decidedly shown. The table 
demonstrates cle2U'ly that even the simple solution of sugar is effective 
enough to force the embryo while any combititiUon Without sugar is 
entirely invalid. Some of the samples in this experiment are also 
shown in Plate I. fig. 2. 

It must be noticed here that the act of germination itself and the 
further development in the later days must not be confused. In these 
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tables, only the former phenomenon is treated. If the later develop- 
ment is accounted for, the combination of Knop’s solution with sugar 
is by far more effective than the simple sugar solution. This fact is 
indicated to some degree in Table XX at the end of the paper, and 
a little more clearly in Plate I, fig. 2. 

While studying the truth of the dominant effect of sugar to force 


Table 21. Comparison of the concentration of saccharose. 
Materia), aeeda of the autumn of 1927. Date of exp., HO/XI, 1927 




11 

III 

IV 



1 0.1 Knop’s sol. 

i A-p.™." 

] Saccharose 

100 cc 

0.06 k 

Or 

2.58 

6.0g 

7.6 g. 

pet of 
whole 
seed 

Germ pet after 46 days 

“o' "I 

60.2 j 

71.6 

40 

0 


Table 22. Comparison of the concentration of glucose. 
Material, soodt of autumn of 1927. Date of exp, 28/XII, 1927. 



I 

11 

III j IV ! V ! VI 


} O.HiJ Knop’s 
Composi- solution 

Asparagin 

1 Glucose 

100 cc 

0.06 K 

0.C68. 

! 

.. .. .. .. 

0.6g. j l.Og. j 2.68 i' 

Germ, 
pet of 
whole 

Germ pet. after 46 days | 

0 

1 ’ 

j 68.6 j 68..-? i CC.C 16.6 



Table 23. Effect of laevulose and maltose. 

Material, seed of the autumn of 1927 Date of exp., 17/11, 1928 



I j 

II 

Germ. pet. 
of whole 
seed 

Composition 
of media 

0.1 ?• Knop’s solution 
lOOcc. 

Asparagin 0.06 g. 

Laevulose 1 g. 

O.lfg Knop’s solution 
100 cc. 

Asparagin O.C6g, 

Maltose 2.6 g. 

Germ. pet. 
after 46 days 

6,1 

81.3?< 

0?i 
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Table 24. Effect of saccharose, maltose and lactose. 

Matenal, seeds of the autumn of 1928. Date of exp., 17/(, 1929. 


Cornpotition 

2.6?i 

2.6?4 1 

2.6f.' i 

Germ. pet. of 

of media 

Saccharose 

Maltose 1 


whole seed 

Germ pet. after 
46 days 

89.2?i 

8C.2?i 1 

88.0“„ 1 

S.6% 


the embryo, experiments were extended to learn further the effects 
of various kinds of sugar, viz., saccharose, glucose, laevulose, maltose 
and lactose. Of these five, the first two were tested for their effects 
with regard to the concentration. The experimental results are com- 
piled in Tables 21-24. 

Of these four experiments tabulated above, the first three were 
carried on with culture media which contain, besides the sugar to be 
tested, Knop’s solution and asparagin. In the last experiment, simple 
aqueous solutions of the sugar in question were used. But, taking 
into account the insignificance of the other ingredients in comparison 
with sugar, those results may be still available in comparing the effects 
of different kind of sugar. 

Now, on inspection of these tables, we can perceive the general 
tendency that the disaccharides are al^nost always very effective. If 
we compare the effects of saccharose, maltose and lactose (Table 24), 
the final germination percents recorded in the table are almost equally 
high. Further inspection shows, however, that the maltose seems 
most favorable for the growth of the embryos, if the developmental 
behaviors in a little later stage are consulted. (See Table XXIV in the 
appendix, where the actual counts are given in detail.) We obtained 
of such embryos as developed so fqr as to expand their leaves (those 
marked with ttt in the table), 5 in maltose medium, 1 in saccharose, 
and none in lactose. These results indicate that the maltose is best 
fitted for the growth of the embryo. 

Hexose seems to be less effective. Althou^' the ’ value in Table 
22 is quite high, the later development of the embryo is inferior to 
those of Table 21, of which seeds of commom fruits were employed 
(see Tables XXI and XXII in the appendix). 

The result of Table 23 is too low to derive a safe conclusion. 
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At any rate, the favorable effect of disaccharide in comparison with 
hexose is clear. 

As for the concentration of the sugar, the results in Tables 21 
and 22 represent an example with disaccharide and with hexose 
respectively. For the former, the optimum seems to exist at 5^ or 
thereabout, while in the latter, about 2.5 9^ seems to be best fitted 
for the germination. The difference mRy probably be due to the 
difference in the molecular weight of the two compounds. 

d. Oxygen requirement of the embryo. 

In a foregoing section (section .5, c), it was demonstrated that the 
whole seeds of Euryale are capable of germination in an oxygen free 
condition, and that their germination percent cannot be improved by 
applying full oxygen pressure. In experimenting with the germination 
of the isolated embryo, a similar fact was again realized. 

At first, the germination of the isolated embryo under anaerobic 
condition was studied. The procedure was as follows : — the medium 
was suffic'ently boiled to dnvc the dissolved air away, rapidly cooled, 
put in with the isolated embryo, and then paraffin oil was added, 
which forms a covering layer over the surface of the medium. In- 
cubated as usual. For the culture medium, 0.1 9 ^ Knof’s solution 
with 0.05 g. asparagin and 2.5 g. saccharose was employed. Control 
test means the culture in the medium neither boiled nor paraffined. 
The results are shown in Table 25. 

Table 25. Germination under anaerobic condition. 

Material, seed of the autumn of 1927 Date of exp., 19/1, 1928. 

Oxygen relation j Anaerobic j Control 

j 

The capability to germinate in anaerobic condition was decidedly 
demonstrated, corroborating the behavior of the whole seeds mentioned 
in the previous section. 

In the above experiment, the control test was conducted with 
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embryos which were simply put in the culture media in the test tube. 
Thus treated, the embryos sank ordinarily to the bottom of the media, 
which condition made the supply of oxygen rather hard. Now, it is 
known that such condition may sometimes prove inhibitory to germi- 
nation, and Yoshu (1925, p. 95) achieved the dismissal of this un- 
favorable circumstance in his culture of immature embryos by keeping 
them at the surface layer of the medium where a rather free supply 
of air is allowed. His technique consists in keeping the embryo 
stationary at the said position by means of a small funnel of filter 
paper. My study was now extended to test if the same contrivance 
may improve the germination of isolated embryo of Euryale. The 
experiment was made with culture medium of the composition in 
Table 19. The embryos were kept at the surface layer by the above 
described method. As a control test, embryos in totally anaerobic 
condition as in Table 25 was studied. The results are shown in the 
table below. 


Table 26. Oxygen relation of the embryo. 

Material, needs uf the autumn of 1927 Date of exp , 19/1. 1928 

Oxygen relation ' Aerobic i Anaerobic 

\ ir,, \ 

It is indicated that the embryo is rather indifferent to oxygen supply, 
corroborating again the results in the previous section (pp. 64-66). 

e. Acidity of medium in relation to germination. 

In order to gain some knowledge of the influence of the reaction 
of the medium on the germinative behavior of the isolated embryos, 
the following experiment was carried out. 

The method in general is the same as described above in p. 84. 
As the culture medium, 2.5% solution of sadtharosfe was employed, 
the forcing effect of which we were already convinced of. The reac- 
tion of the medium was controlled by mixing in various proportkms 
the two solutions, KHjP 04 and Na,HP 04 in 1/15 Mol each. (CLARK, 
1923, p. 114). Four mixtures of different acidity were thus prepared. 
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They were sterilized in flowing steam, with a definite volume of sterile 
saccharose solution of known concentration added to each, just enough 
so as to adjust the final concentration of sugar at 2.5 9^. Before 
starting the incubation, the hydrogen ion concentration of the prepared 
media was determined colorimetrically, to obtain the following value : — 
A, Ph. .4.4, B, . .Ph 5.8, C, .Ph 6.8, D, .Ph 8.2. ’Fhe results of the 
germination test with these media are shown in Table 27. 


Table 27. Effect of different grade of acidity. 

Malorinl, Deeds of the autumn of 1928. Date of the exp., .30/1, 1929 


Ph of the media 

4.4 

6.8 

0.8 

8.2 

Germ pet. of 

Germ jKt. after 

26?; 

1 

j 60?; 

1 

m% 1 

0?; 

0?; 


In this experiment again, the forcing effect of sugar is clearly 
shown in contrast to the obstinate immobflity of the whole seeds. 

It is demonstrated by this experiment that the acidity of media 
exercises a marked influence on the germination Of the four media 
tested, the third solution (Ph*6.8) which is approximately at the 
neutral point proved to be optimal, resulting in the highest degree 
of germination percent. On the acid side of this point, at Ph 5.8, 
the decreasing tendency of the forcing effect is already perceived, and 
at Ph 4.4, the same tendency is still accentuated. The critical point 
was not determined in the present case. On the other hand, towards 
the alkali side from the optimum, the inhibitoiy effect tends to increase 
quite rapidly, and at Ph 8.2, no embryo was capable of germination 
at all. The results in this section may be briefly stated : — 

1. The embryo isolated from dormant seed of Euryale can be 
forced to germinate by the application of artificial culture media. 

2. The experiments were conducted invariably at 25’ in the dark. 

3. The forcing effect of the culture solution is ascribed to the 
sugar contained therein. 

4. Of the various kinds of sugar, saccharose, maltose, lactose, 
glucose and laevulose were tested, all of which except the last exhibited 
quite high capacity to force the embryo. 

5. The optimal concentration is about 5% for saccharose and 
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about 2.596 for glucose. 

6. The embryo is also capable of germination in anaerobic con- 
dition. Contrivances to facilitate the oxygen supply failed to improve 
the germination percent. The results coincide well with those obtained 
with the whole seeds. 

7. The forcing effect is demonstrated to be most intense at about 
the neutrality. Towards both acid and alkali sides^ the effect tends 
to be reduced, and especially so in the latter side. 

11. FORCING METHODS * 

Methods of artificially forcing the dormant seeds to germinate, or 
of improving the percentage of germination of seeds which are refrac- 
tory to the ordinary germinative conditbns have been exhaustively 
treated by many investigators (see the review in Crocker, 1916, pp. 
117-9). 

As is described already in the foregoing sections, the cause of 
delayed germination of Euryale seeds is to be looked for in the pro- 
perties of the embryo itself and not of the seed coat. Therefore, of 
all the forcing methods hitherto reported, such are not worth con- 
sideration as concern exclusively the coat characters, e. g , mechanical 
abrasion, carbonizing with H^O^, etc. (the result of total decortication 
has been already treated). Other methods whose mechanism is not 
clearly elucidated may be studied tentatively to learn if they exercise 
any effect. I have carried out a few experiments up to this day along 
this line of problem, not yet obtaining, however, a very effective means 
of forcing on the Euryale seeds. The results, therefore, shall be 
mentioned but briefly. 

a. Desiccation. 

'I'he favorable effect of desiccation to improve the germination is 
often observed and reports of the experimental studies in this respect 
are not rare (Ludwig, 1886, with Mayacxi fluviatilis ; Bataun, 1889, 
with ‘Ro ggen ’ ; Gassner, 1910, 2, p. 507, with Pa^lum dUatatum ; 

* Forcing methods may be claastfied, with respect to their mode of action, in two 
categories: those which activate the real process of germination and those which 
accelerate the after-ripenmg change. In the present section, they are arranged 
without regard to this point, as our knowledge concerning the problem Is still 
quite defective. 
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Joseph, 1929, pp. 199-200, with green parsnip seeds). 

This treatment does not, however, seem to fit the Nymphaecuxae. 
Kinzel (1913, p. 19) reports that seeds of Nuphar, Nymphaea and 
Victoria lose vitality soon by desiccation. A limited number of seeds 
at best germinated sooner than the control when they were dried for 
a short time with the fruit wall on. 

CoNARD (1905, p. 106), too, notices that the seeds of Eucastalia 
group perish readily by desiccation. 

As for seeds of Euryale, a paper by Bornemann (1886) shows 
that they cannot be kept long alive when stored in coal powder. 
The cause may probably be due to the reduction in the moisture 
content. 

Arcangeu (1888) observed also that the Euryale seeds stored in 
dry sand exhibited a less degree of germination energy than those 
kept under water or in moist sand. 

All these data indicate that the forcing of Euryale seeds by 
desiccation is least promising, and my own experiment adds nothing 
new. Seeds of the lot no. 5, after five months of storage in water 
at the room temperature, subjected to desiccation in a thermostat of 
25°. After some days they were transferred to germmative condition 
(tap water, 25°, in the dark). 'I'he results are shown in Table 28, 
indicating that no forcing was effected. 


Table 28. Effect of desiccation 


Period of desiccation 
(in days) 

0 

1 

2 

4 

11 

Reduction of weight 
(expressed in percent) 
of fresh weight) 

0 

12.2 

26.4 

48.6 

60.7 

Number of seeds tested 

10 

10 

10 

10 

10 

o‘i 

after 1 month 

0 

0 

0 

t ® 

0 


>1 2 months 

0 

0 

0 

0 

0 


.. 9 .. 

2 

1 

1 

0 

0 


1 year 

0 

0 

0 

0 

0 


Seeds of the same lot as in Table 28, kept dry for 100 days at 
30*, or in a desiccator filled with CaCU, were tested for their germi* 
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nation capacity. 40 seeds each of both the treatments were studied 
and none of them responded to the germinative condition at all during 
one year of experiment. On the expiration of the period, th^ were 
dissected to find their embryos all degenerated. Thus the desiccation 
over a long period seems fatal to the Euryale seeds. 

b. Salt solution. 

As a germinative medium for seeds, water with some chemicals 
added, especially those containing nitrogen, often exercises better 
influences than when without such. The effect is especially remarkable 
with light sensitive seeds and many elaborate works have been accom- 
plished on this phenomenon (Lehmann, 1909, 1919 ; Gassner, 1915, 
1917). 

As for the Euryale seeds, 1 have conducted a provisionary study 
in 1926, in order to learn whether any similar effect can be established 
with them. The results are shown below in Table 29. 


Table 29. Effect of salt solution. 

Matenal, lot no. 5 Duration of exp.. 13/11 to 16/XII, 1926. Tempera- 
ture, 25°. Light, excluded. 


Medium 

Number of 
seeds tested 

Number of seeds sprouted in 

Feb. 

March 

Apr.— Dec. 

Pure water 

20 

0 

n 

0 

Fond water 

10 

0 

1 

0 

Knop’8 solution Q.lfi 


0 

0 

0 

KNOs solution 0.l7£ 


0 

0 

0 

K,HP04 solution 0.1?; 


0 

0 

0 

KCl solution 0.1?; 


0 

1 

0 

Ca(NOi)s solution 0.1% 


0 

0 

0 

MgSO^ solution 0.1% I 


0 

1 

0 

KH*P04 solution 0.1% 1 


0 * 


0 


Germinations were observed in some kinds of media, but any 
better result than in the pore water was hardly secured, so that it 
may be assumed that the addition of mineral salts seems not to be 
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very promising to force the seeds. Conclusive results are, however, 
not to be derived from this experiment owing to the shortage in the 
total number of seeds tested. A fact is certain, at any rate, that the 
Euryale seeds do germinate in pure water. (Besides the example in 
the stated table, another case of positive result in pure water was 
observed: 5 Euryale seeds of the lot no. 61 were sown on 29/11, 
15^7 in conductivity water kept in an Erlenmeyer flask of pyrex 
glass. Incubated at 25* in the dark. In twenty days, three seeds 
started germination.) (My former suggestion (1925) that the salt 
effect is to be respected seems not to be appropriate. The data 
reported m that paper must be explained otherwise.) 

c. Acids and Alkalies. 

In 1907, Fischer reported of his study with the dormancy of 
Alisma, Sagittaria, etc., that he achieved forced germination by the 
application of acids or alkalies. He assumed that the mechanism of 
forcing is related to the embryonic character. Crocker contradicted 
the view and suggested that H* or OH“ ion may modify the colloidal 
state and accordingly the mechanical rigidity of the seed coat so that 
the imbibing embryo can elongate without much difficulty. 

If the latter view is to he applied, the seeds of Euryale, where 
delayed germination has almost no concern with the coat property, 
are not fit to be forced by such means. The experiment described 
below supports this view. 

Material, lot no. 5. Solutions teste.d, 0.3 Mol solution each ; HCl, 
NHO», Lactic acid. Acetic acid, Oxalic acid and NaOH. 

Treatment, the seeds were put into the solution above, kept at 
30' for 15 or 22 hours. They were then transferred into tap water 
in Erlenmeyer flasks and incubated at 25” in the daric. 10 seeds for 
each solution. 

Duration, 12/11 to 12/111, 1926. 

Result, no germination. 

d. Sugar solution. 

Forcing effect of sugar solution is proved by Godlewski (1904) 
with Lupitnu (cited by Morinaga, 1926, p. 133), Knudson (1922) 
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with Orchid seed and Ives (1923) with Rex opaca. 

As for Euryale seeds, the favorable or almost indispensable influence 
of sugar on the forcing of isolated embiyo is decidedly shown in the 
previous section. If a proper means is applied to secure the penetra- 
tion of sugar into the seeds, a similar effect must be obtained with 
the embryos encased in the seed coat. 

With this view in mind, the following experiment was undertaken. 
First, the seeds were sterilized in 1 : 5(X) corrosive sublimate solution 
for about five minutes, and then washed with sterile water. To secure 
the penetration of the sugar, a portion of the seed coat at the peri- 
micropylar region was scraped away with a sterilized knife. The 
seeds were each then put into test tubes containing 2..5% maltose 
solution (previously steam sterilized). Incubated at 25° in the dark. 
Contrary to the case with isolated embryos, the procedure was not 
effective to suppress the contamination of microorganisms. For, in 
the present case, those germs infected previously in the deeper portion 
of the seed coat and protected from the destructive action of the 
desinfectant commenced vigorous growth as soon as they were put 
into the sugar solution. Owing to the heavy contamination thus 
developed, the main aim of the study was seriously interfered with 
and only five positive results were obtained out of 45 seeds tested 
(15 seeds each from three different lots of 1928). If, however, an 
effective means of sterilization be devised, the result will be much 
improved. 


e. Amylase solution. 

Instead of depending on the sugar solution supply from outside, 
as in the preceding experiment, transformation of the seeds’ own 
foodstuff into sugar was studied next. For this purpose, Takadiastase 
solution 1 : 500 was applied which was previously sterilized by filtration. 
The general arrangement is identical to that of the foregoing experi- 
ment. Penetration 'of the enzyme was secured «lso in the same way. 

In the early stage in the incubation at 25“ in the dark, contami- 
nation was already very remarkable. Notwithstanding such unfavorable 
circBmstances, 4 seeds out of 45 germinated in from two to three 
weeks. The control test showed no germination in the 



STUDY OF KUKYAL.E FEROX SAI-ISB. V 


97 


The result indicates that the Euryale seeds in amylase solution can 
germinate. The forcing is without doubt effected through the sugar 
produced by the hydrolysis of the stored starch. It may be criticized 
that the percentage of germination is rather poor in this experiment. 
Yet, it must be reckoned also that contamination could not be ex- 
cluded, which much interfered with the result, and the expectation is 
not unfounded that the percentage would be improved but for such 
troublesome interference. 

f. High temiierature of the germinator. 

For the Euryale seeds not- yet sufficiently aged, the temperature 
minimum of germination is rather high, and they never respond posi- 
tively at a room temperature. If higher temperatures are applied, 
some seeds are observed to germinate readfly, as is shown above in 
pp. 61-62. Such examples are, however, verj’ rare or rather of an 
exceptional occurrence. It seems that high temperature is not effective 
enough for the present purpose. 

g. Alternation of temperature. 

'Fhe favorable effect of high and low temperatures applied alter- 
nately is established with various plant seeds (KiNZEt-, 1900, with 
Larix, Holcus and AnthoxarUhum ; Gassner, 1910, p. 510, with Pas- 
palum dilatatum, 1911, with Chloris ciliata ; Lehmann, 1911, pp. 
585-589, with Epilobium sjfp., Veronica longifolia ; Morinaga, 1926, 
pp. 142-145, with Cynodon, Poa, Typha, Apium and Berberis ; Davis, 
1927, pp. 252, 255, with Sambucus and Berberis ; Joseph, 1929, pp. 
202-203, with parsnip). 

My study with Euryale seeds failed to obtain positive result with 
such treatment. 

Experiment. Material, 2 seeds each of nos. 62, 64, 66, 69, and 
610. 10 seeds in total numbers. Duration of exp. 2/11, 1927 to l/II, 
192a 

Treatment, seeds were put alternately for every 24 houts, in a 
thermostat of 25’ and Mannesmann’s refrigerator (7”-12’ in summer 
and 2*-4* in winter). Medium, tap water. Light, excluded. 

Result, no germination. 
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In this experiment, too low temperature was applied in comparison 
with those of the former authors, so that combination of other degrees 
of temperature than in this experiment may result in a different way. 
Further experiment has not, however, been carried out. 

h. Cold storage. 

For those seeds whose delayed germination is caused by embr>’onic 
characters, application of low temperature in storage or in stratification 
period was repeatedly tried with success to shorten the dormant period 
(Batalin, 1889, with ‘Hafer’, Davis and Rose, 1912, with Crataegus 
mollis ; Eckerson, 1913, with Crataegus spp. ; Rose, 1919, pp. 288-9, 
with Tilia nmericana ; Jones, 1920, pp. 139-141, with Acer saccharum ; 
Pack, 1921, 1, with Jumperus virgmiana ; Abbot, 1923, p, 176, with 
apple, Weiss, 1926, p. 741, with Betula populifolia ; Davis, 1927, 
with Comus florida and Samhucus canadensis; Crocker, 1927, with 
Rosa ruhiginosa, Damson plum, peach and French pear; Joseph, 
1929, pp. 132-6, with Betula spp.). 

'I'he similar effect with the Eiiryale seeds is suggested by the 
following observations. The seeds employed in the previous experi- 
ment on the forcing effect of alternation of temperature, after being 
tested in \ain with that treatment, were left untouched thereafter in 
the refrigerator so that they were exposed constantly to low tempera- 
ture. This condition continued from Feb. 1, 1928 to the beginning 
of August, when the cooling operation was compelled to be suspended 
owing to trouble in the supply of electricity. Soon after the elevation 
of the temperature thus occasioned, the seeds began to germinate and 
five seeds out of ten completed the germination. 

Another example is the following. Euryale seeds, 1(X) in total 
(10 seeds each of nos. 711-720) were incubated at 30’ in tap water 
in the dark on Dec. 28, 1927. In twelve days, a single seed germi- 
nated, and in forty-two days another. No other seeds exhibited any 
sign of germination thereafter. From Feb. 2l on, 'they were trans- 
fered into the refrigerator and stored there continuously in coldness. 
At the beginning of August, cooling was suspended as is mentioned 
above. The seeds began to sprout immediately, and germination as 
high as 63?^ was attained. 
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Further examples of similar observations are at hand, but 1 will 
omit them here for the sake of brevity. 

Thus the favorable effect of cold to accelerate the after-ripening 
is suggested also with respect to the Ruryale seeds. However, the 
state of the matter is not as yet established with sufficient clearness, 
for a delicate difference in other conditions seems to exercise a serious 
interference. A slight change in the previous treatment before 
cooling may greatly modify the result. For instance, a parallel 
experiment with the s(*cond examples of the above given two, was 
carried on with the seeds of the same lots of the material, to eliminate 
the error due to the fruit individuality The seeds were kept at 25“ 
from Oct. 29, 1927 to F'eb. 21, 1928 and then transferred to the 
refrigerator, where they were left until the beginning of August. 
After the suspension of cooling, not a single seed germinated, quite 
contrary to the foregoing example. 

Thus we know' that the difference in the earlier conditions, 30“ 
for 55 days in the one case and 25’ for 115 days in the other resulted 
in totally contrary effects with all the uniformity in the selection of 
the material and application of the coldness. 

I am still ignorant at present as to which factors in these examples 
accelerate the germination on the one hand and retard it on the other. 
In 1928, it was attempted to study whether the cold storage itself is 
potent enough to improve the germination of Ruryale seeds. The seeds 
of the autumn of 1928 were put into the refrigerator directly after 
the harvest, i. e., without any previous treatment. The germination 
test (25’, in tap water, in the dark) with these seeds at intervals up 
to this date revealed that the storage in Mannesmann’s refrigerator 
(monthly average of daily maxima and minima is : — in Feb., 2’— !■’, 
in June, 6’-9’) for six months is not effective enough to improve the 
germination except those of a few special fruits. Control test with 
the seeds of the same material stored at the temperature of the 
laboratory room or at a veiy low temperature (from -11° to -16’) 
for the same period resulted also negatively. The study is now going 
<» further, and I hope the result will be reported at a later date. 

Ill Amr t. the favorable effect of cold storage for the after-ripening 
is highly pfdbdblu and this is one of the most promising methods of 
Accelerating the af(er«q>ening process. Determination of the optimum 
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temperature, and the time requisite for completion of the aftei -ripening 
is left for future study. 

Application of very low temperature 50 seeds of the lot no. 80 
were put into liquid air, left undrsturbed for 16 hours (from 17 hour 
Dec. 18, 1928 to 9 hour in the next morning), and then tiansfen’ed 
into tap water at 2.5° in the dark, to studj if they were accelerated. 
No positive response was obtained in the course of one month in the 
germinator (germination percent of the control test, 6/50 = 12®^). 

1 . Conliol of o\>gen supply 

We ha\'e treated the matter already in previous section and 
demonstrated that the Euryale seeds are rather indiffiTent with respect 
to oxygen. It was shown there that the forcing result was effected 
neither by the increase nor the reduction in oxjgen suppl>. 

Vi CONCLUSION 

Scientific works deiotc'd to the study of the delayed germination 
of plant seeds amount to a considerable number up to this date, and 
the inspection into the mechanism was achieved by many authors to 
greater or less degrees, as is briefl> reviewer! at the outset of the 
present paper. According to the classification of Crocker (1916), 
the cause of delayed germination is ascribetl in the main to five 
different conditions in the seed, viz., two embryonic and three seed 
coat characters. 

Now, in the case of Euryale seeds, of which the delayed germina- 
tion is established without doubt (section 4), the cause responsible 
seems to be looked for in the embiyonic characters. For, when the 
cause lies in the coat characters, it must be conditioned by the water 
exclusion, or the oxygen impermeability, or mechanical resistance of 
the seed coat, none of which seem to fit the case of Euryale seeds. 
Furthermore, the decortication is totally ineffective to securf germina- 
tion. Then the cause is tO' be looked for in the embiyonic character, 
either in the morphological or in the chemical. From the morpholo- 
gical point of view, however, the embryos of Euryale exhibit no 
fundamental difference between when freshly harvested and after a 
period of aging. The>' are well developed and differentiated from 
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the start, when they leave the mother plant Accordingly, the delayed 
germination cannot be explained from this point. 

'Fhe last possibility left is the delayed germination due to the 
chemical nature of the embryo. Studies along this line revealed that 
some changes in the compo.sition of the embryo take place during 
the course of thi' after-ripenmg. The appearance ol reducing sugar 
i.s one of the most remarkable distinction. Other parallel transforma- 
tions arc highly probable, but not fully studied yet. At any rate, it 
IS a f.ict without doubt that the germination percentage is improved 
with the appearance of the sugar It is suggested thus that there 
must be some parallel relation between the two phenomena, and it 
is not very inconsistent if the existence of sugar he presumed as a 
condition for causing a piompl germination. 

The vent) of this view is dtmionstrated furthermore by the study 
with f'mbryos isolati'd from the seeds. It was proved that the embryos 
isolated from the still dormant seeds can be foiTed to germinate only 
when supplied with sugar solution. 

Taking thest' circumstances into consideration, il st>ems that in the 
afterripening process of Euryulr seeds in the natural condition, the 
pnxluction of sugar takes place at some stage which then acts to 
awake the embryo. As to whether this relation is a direct one or 
needs some connecting links between, 1 am still ignorant. Nor is 
determined the condition which necessarily precwles the production 
of the sugar. 

Similar obsi'rvation of the relation of the sugar and germination 
capability in the dormant seeds have hitherto been reported in many 
species, and the present example represents certainly another analogous 
case. The fact that the forcing of the embryo was experimentally 
achieved by the application of sugar may f>e regarded as a contribu- 
tion of the present pairer to the knowledge on the delayed germination. 

It must be mentioned here also that in some exceptional cases 
Euryale seeds can germinate without aging or the production of 
reducing sugar. In such cases, however, the requirement for the 
geMminative conditkm is quite high as compared with the case of 
fully aged ones. 

Lastly a brief mention will be given concerning the period of the 
after-rlpening. Contrary to those seeds of which the delay of germi- 
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nation is caused by the coat character, those- seeds with truly dormant 
embryos cannot dispense with a more or less prolonged period of 
after-ripening through which the necessary preparatory changes take 
place. In order to shorten this period, proper conditions must be 
applied which fit best to accelerate the necessary change. Exposure 
to cold is hitherto recommended by many authors to be the most 
effective treatment. The few experiments with Euryale seeds up to 
this day, however, proved to be not very successful. It is only realized 
that the conditions are rather complicated, to control which is left 
for future study. If some effective means were invented which were 
sure to shorten the after-ripening period to a great degree, the study 
of the necessary embryonic change would be much accelerated, which 
I hope will be accomplished in the future. 

It SUMMARY 

1. The present stud> was carried on exclusively with the seeds 
of Euryale ferox Sai^isb. ftom Zyunitydgata. 

2. The seed consists of four parts, viz., seed coat, perisperm, 
endosperm and embryo. 

3. Four different layers are distinguished in the seed coat, viz., 
a) epidermal, b) sclerenchymatous, c) non-lignified and d) cork layer. 
The last one, although the least remarkable so far as the thickness 
is concerned, is nontheless quite significant for its being suberized. 

4. The Euryale seeds freshly harvested do not germinate at the 
ordinary room temperature of the lalwratory, nor has the application 
of high temperature proved of any effect. 

5. Seeds after-ripened in their natural habitat have a lower grade 
of minimal temperature (lower than 8°). At 25°, their germination 
percent attains quite a high value, and at 20°, a slight reduction » 
observed. Higher temperature was not studied with seeds of this stage. 

6. When the seeds are stored in mud and water in a hot house, 
or under such condition as approximates that of outdbors, the after- 
ripening process takes place in the seeds which then become ready 
to germinate. Thus some seeds sprout in the first spring after the 
harvest. The remaining majority, however, keep immobile at that 
Iieriod and germinate in the second spring as a general rule. Accord- 
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ingly, a dormant period of 18-20 months seems usual for Euryale 
seeds. 

7. It is noticed that smaller sized seeds tend to germinate earlier. 
Such seeds seem to be capable of finishing afterripening in a shorter 
period. 

8. Seeds somewhat aged but not fully afterripened can be forced 
to germinate by high temperature. Yet, the minimal temperature is 
still quite high (higher than 15*). Optimal point seems to be at 25° 
or thereabout. 

9. Euryale seeds are not very exacting with respect to the light, 
so that germination incapability due to light relation cannot be accepted. 

10. They can germinate under either an anaerobic or an oxygen 
saturated condition. They seem to be rather indifferent with respect 
to oxygen-relation. At least, their delayed germination is not caused 
by the deficiency in oxygen supply. 

11. Euryale seeds are possessed of as much as some 50 9^ of 
water, by far a larger amount as compared with that of an ordinary 
land plant. 

12. They are fully saturated with water, and decortication effects 
no further imbibition, nor does preparatoiy water intake seem necessary 
for gejTnination. 

13. It is established that water can pass through the seed coat. 
The distribution of resistance is not uniform for different layers of the 
coat, the innermost one being the least permeable to water. 

14. The dormancy cannot be conditioned by the water exclusion 
by the seed coat. 

15. The force of growth of the germinating embryo and the 
resistance of the seed coat against it were measured. It is demon- 
strated that the former is by far the larger than the latter. It is 
shown also that the latter is variable according to moisture condition, 
being more resistant when desiccated. 

16. Decortication test is totally ineffective to force the seed to 
germinate. 

17. From the data so far given, it may be concluded that the 
coat diaracters are not responsible for the delayed germination. 

18. The embryo of Euryale seed is fully established both in 
differentiation and in magnitude. Enlargement during the course of 
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after-ripening is not excluded, but such examples are rather exceptional. 

19. Presence of starch, fat, protein and catalase is demonstrated 
in the seeds of Euryale. 

20. Some transformation in the chemical properties are sure to 
take place in the after-ripening period. The appearance of reducing 
sugar is one of the most TKrticeablc of such. 

21. The embryo isolated from dormant seeds of Euryale can be 
foreed to germinate by cultivation in sugar-containing synthetic medium. 
Among the ingredients of such medium, sugar seems to be the agent 
which is responsible for such an effect. 

22. Disaccharides are more efficient than hexoses, the optimum 
concentration is 5?^ for saccharosf' and 2.5 for glucose. 

23. The embryo is also capable of germination under anaerobic 
condition. Contrivance to facilitate the oxygen-supply failed to improve 
the germination percent. 

2 1. The forcing effect seems to be most intense at about neutrality. 
Towards both acid and alkali sides, the effect tends to be diminished, 
and especially so in the latter side. 

25. As methods of forcing the seeds, the following treatments 
were tested, viz., desiccation, salt solution, acid and alkali, sugar 
solution, amylase solution, high temperature, alternation of temperature, 
cold storage and control of oxygen-supply. With all of these treatments, 
any decidedly effective result has not yet been attained up to the present 
time. The most promising is the application of cold storage. Even 
in this case, I am yet unable to master the mode of action and am 
still ignorant of the optimum temperature, the time requisite for 
completion of the after-ripening, etc. Application of sugar or amylase 
solution may prove effective if pniper means to suppress contamination 
be invented. As for the effect of high temperature, see Article 8 in 
the above lines. All the other treatments do not seem to be very 
suitable as forcing methods. 
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15. APPENDIX. 

The numbering of the tables in this section is so arranged that 
the numerals here (in Roman letters) each corrt»pond to the same 
in the foregoing sections (in Arabian letters). For instance, Table XX 
here corresponds to Table 20 in p. 867 the latter representing the 
concise form derived from the data described in detail in the former. 
The discontinuity of the numbering here is due to the above circum- 
stance. 


Table I, a. 





Whole seed 




I fit 

Height 

Width 


Fresh 

Weieht 

Dry 

Wei.rhf 

I>PA >\t./Fr.WL 

61 a 

13.6 

12 4 

' 91 .S6 

1 ..310 

0.6822 

61,81 

61b 

14.0 

12 9 

! 92 1.3 

1.43.3 

0.7428 

61,64 

61 c 

14.0 

12.9 

' 92.16 ' 

1.470 

0.7.330 

49,87 

Old , 

1.3.7 

12 f( 

93.44 

1..371 

0.7041 

1 61,36 

61 e 

13.9 

12.S 

92.08 

1.440 

1 0.7.320 

1 60.83 

63 

11.6 

11.0 

96.06 

0.924 

0.5.3U 

57.60 

04 i 

13.3 

12 !t 

92.47 

1.204 

0.4991 

I 41.60 

60 ; 

12.7 

11.6 

91.. 35 

1.098 

0.6198 

i 47.3 

67 i 

12.6 

12.2 

97 61 

1.227 

, 0.6981 

1 66.0 

09 

13.4 i 

12.1 

90,30 

1..300 

1 0,0966 1 

[ 51.6 

.Average j 

13.26 ; 

12 .30 

92.91 

1.284 

! 0.6638 

61.0 


Table I, b. 


Seed coat , Peniperm 


Lot 

Fresh 

Weight 

mg. 

1 Dry 

i Weight , 
“Hf, 1 

I)r> \\l Ih; wlI 

Fresh 

We«bt 

Dry" " 

Weight 

"9- 

Drrwxirt.'wu 

% 

61a 

! 688 

! .309 1 

44.89 . 

619 

370 

59.88 

ffitb 

749 

1 .341 ; 

46.64 

080 

399 

68.71 

61c 

769 

323 . 

42.04 

691 

407 . 

68.01 

61 d 

727 

3S.3 

46.82 

686 

800 

68.16 

61 e ; 

760 

383 1 

48.83 i 

670 

896 

69.08 

63 1 

495 

263 1 

61.09 

422 

876 

66.40 

64 ! 

642 

203 

31.66 ! 

664 

294 

63.03 

66 1 

648 

208 1 

.37.96 i 

641 

309 

67.20 

67 

636 

319 

60.08 , 

682 

377 

64.77 

■69 

719 

.312 1 

43.36 1 

622 

381 

61.32 

Average 

673.4 

293.4 

44.126 

601.6 

.367.9 

69.648 
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Tabuc XX. 



Table XXI. 



Number 

Counts after 45 days 


Germination 

Lot 

of seeds 





of whole 


tested 

Medium 1 

II 

III 

IV 

seed 





W 1 


posit 0 

no. 711 

3 


Itt 3 


+ 3 






cent. 1 


negat. 10 




- 2 

m 2 ' 

' W '1 

posit. 0 

no. 712 

3 




+ 1 





cont 1 

+ 1 

- 1 

negat. 10 




1 « 1 

+ 2 


posit. 0 

no. 71.T 

3 




- 3 





+ 2 

- 1 


negat. 10 
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Table XXI. contd. 



Number 

Counts after 45 days 


Germination 

l^t 

of seeds 





of whole 


tested 

Medium 1 

n 

III 

IV 

seed 




2 

++ 1 

H 1 

posit 0 

m> 714 


— 3 








cont. 1 

+ 2 

- 2 

negat 10 




+ 1 



posit 0 

no 719 


- 


- 3 

— .3 



i 


- 2 



negat 10 


1 

posit 0 j 

9 

10 ^ 

6 j 

j posit. 0 

Total j 

16 I 

neRat 15 , 

4 

... 4 

9 

negat 60 


i 

germ pet 0 | 

69.2 

71.0 

.40 1 

germ pet 0 


Tabi.e XXII. 
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Table XXIII. 


Lot 


I Counts after 45 days 


Germination 

seeds tested 

1 Laevulose 

I Maltose 

of whole seed 

no. 714 


1 - 

1 

+ 

1 

posit 

0 

3 


2 


2 

negat 

10 

no. 725 

4 

! w 

1 

- 

S 

posit. 

0 


cent 


eont 

1 

negat 






1 ++ 

1 

posit 

0 

no. 7.’!6 

4 


4 


1 

negat. 

10 

no 738 

4 



fW 

2 

posit. 

0 



- 

2 

negat 

10 

no. 740 

5 


6 

fH 

1 

posit 

0 




“ 

4 

negat 

10 



posit. 

1 


6 

posit 

0 

Total 

20 

negat 

17 


11 

negat. 

60 



germ pet 

6.1 


.31.3 

germ. pet. 

0 


Table XXIV. 
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Table XXV. 


j Counts after 46 days j 

Geimination of 

Anaerobic 

Control 


whole seed 

m 3 

+ 2 

- 0 

m 

++ 

+ 

S 

3 

S 

0 

posit. 0 

negat. 10 

total & 

total 

8 

germ. pet. 0 

getm pet ICO 

germ pet. 

100 



Table XXVI. 



Table XXVII. 


Lot 

Number 

1 Counts after 4& days j 

Germination 
of whole seed 

tested 

A 

Ph “*.4 

B 

>».8 

C 

-ft.8 

D 

-8.8 

no. 880 

10 

++ i>l* 

+ sr 


i}-: 

0 

0 

0 

10 

posit. 0 

negat. 10 






ne 


Y OKiUQtA 


Table XXVII coptd. 



EXPLANATION OF PLATE 

Fig 1 Embryo cultivated m artificial medium Maten^ erabryoa of lot no 62 
Composition of medium 01^ KNOPa solution 100 cc Asparagin OOSg 
Saccharose 2 5 g Temperature, 25° Hiotographed on 45th day from 
the start of the experiment (see TaUa 19) 

Fig Z. Do The samples are those recorded w Tabla 20 The numerals in 
Roman characUrs correspond to those in the tame table 

II Knops solution with saccharose 

III Simple saccharose solution 

IV Saccharose solution with asparagin hut without Knop’s solution 

VI Simple Knoi s solution 

VII Tap water 

Photographed on the 45th day from the start of the experiment 






On a Fungus Found m the Unne and the Cerebro- 
spinal FItud of a Patient Suffering 
from Meningitis 

By 

Toshio Ohue 

(B olofs aI Laboratory Matsuyama High School Eh me Japan). 

(W th PI VI VIII and 3 Text figures) 

Dr W Sakai found a few spores in the urine and cerebrospinal 
fluid of a patient who was suffering from meningitis The following 
statements were given by Dr Sakai coneernmg the symptoms and 
the course of illness 

Mr W aged 59 No remarkable anamnesia One night he suddenly 
felt severe headache and dizziness in a half hour after eating of a few 
boiled eggs and dried persimmons Soon after he vomited repeatedly 
a large amount of stomach contents and at last swooned for about 3 
hours Temperature 378°C fhree days after illnes the urine was 
examined which was strongly acidic in reaction and 1008 in the 
specific gravity The unne was clear but brownish yellow in color 
and contained no cellular elements except a few spores The protem 
reaction was negative These spores are obclavate, brownish yellow 
and transversally and longitudinally septated Their size was 7 35 
micra in length and 7 12 micra m breadth The headache did not 
disappear in this day and the ngidity of the nedc and Kermgs sign 
were also observed Ten days after the pathogenesis a spmal puncture 
was made The liquid dropped somewhat quicker than in the normal 
person and was clear m appearance and yellow in color Microscopif 
cally were seen many one or two <«lled yellowish organiuns Thme 
iiripmisras were cultured and produced spores 27 cbaya itfhnr tiie 
patl»genesiB the ri^ty of the neck disappeared tactiio sense becaine 
nocintd . Kshnig^s aigd disappeared , Rombems’s sign bachtne negative^ 
tv PUtkOA dipt amibtky mice dbe fffling to Ifl The spores were 
ideiteied fn ^ unne si the Vi, Stb, Sth, 8th, 9th, 12th 15th 27th 
32tid days. spores wmre found m the spmal 
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fluid even after 38 days. From the dried persimmons which the 
patient had eaten many spores similar to those contained in the urine 
were found. The patient left the hospital before complete recovery. 

It seems as thougli the spores were some way connected with the 
cause of the present disease. Even if it Jie not so, it is interesting 
to follow the exact course of the circulation and excretion of such 
large spores in the animal body. For the reason just mentioned I 
have carried out the investigation concerning the nature of those 
spores mycologically and pathologically. 

Here I wish to express my hearty thanks to Prof. S. Hatai under 
whose permission and suggession the present work was undertaken, 
to Prof. M. Ota for his kind guidance and encouragement which 
hdped me throughout the entire course of the work, and to Dr. W. 
Sakai for the kind bestowment of the valuable materials. I am also 
much indebted to Prof. S. Nasu for his valuable advice and kind 
criticism. 


MYCOLOGY 

1. CULTURAL CHARACTERS. 

The pure culture of the spores used for the present investigation was 
dstained from the urine of the patient. The urine was centrifugarized 
and the spores thus collected were washed repeatedly with 2 % solution 
of hydrogen peroxide for a few minutes, and were transfered to the 
cultural media. Since it was a question whether those spores belong 
to one species or are a mixture of different species, it was necessary 
to obtain the culture from each single spore. For this purpose I 
followed Bolle’s method of single spore isolation. 

Although the fungus grows on all ordinary culture media, especially 
when sugars are present, best results were obtained on persimmon 
agar or banana agar, in which it produces a vigorous growth of air 
mycelia. The culture media becomes pigmented in company with 
their growth. Zonation frequently appears, but is more clearly marked 
with the media containing relatively less sugar. The cultural characters 
have been studied upon a number of different media. I shall describe 
these in d^il, based on the observations made with Sabouraud’s 
glucose agar. 
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On Sabouraud’s glucose agar plate, conidia begin germinating on 
an average of from to six germ tubes, which are hyaline at first, but 
later become dark. Thalli become macroscopic in one or two days 
and attain a diameter of about 7 cm. in 8 days at a temperature of 
2ZC. The color of the thallus is lighter in the media which are rich 
in sugar. In such media, the formation of whitish aerial mycelia 
becomes vigorous and conidia formation is more or less arrested. 
The color of the mycelium becomes darker with age. The sporulation 
always occurs within three days after culture, under ordinary laboratory 
conditions. Usually the central portion of the colony is dark grayish 
olive in color, and around it is a zone of lighter colored mycelia 
about 1 cm. wide. (Plate II, 7). 

In the urine, conidia germinate within 6 hours and mycelial develop- 
ment is observed, although conidia formation does not usually occur. 

The degree of resistance to high temperature is remarkable. At 
a temperature of SS^C., the development becomes very slow and weak, 
but the conidia formation is not yet arrested. At 46“C. germination 
can still take place though the growth ceases after a few hours, and 
no further growth is shown even after it is returned to the room 
temperature. The degree of tolerance against acid or alkali by this 
organism was also remarkable. The results of several trials indicate 
that within the ranges between pH 4 and pH 8.5 there is no appre- 
ciable difference in the rate of growth. 

2, MORPHOLOGY 

a) Mycelium. The mycelium varies greatly on different media. 
On persimmon agar the diameters of the hyphae range from about 
3 micra to 8 micra but those in the uripe range from about 2 to 5 
mkia. Un the persimmon agar the cells are usually filled with a 
highly refractive contents resembling oil droplets. The color of the 
mycelium is hyaline when young, but later it becomes a yellowish 
brown. 

b) Conidiophores. Condiophores on the persimmon agar are dark 
brown, and not very greatly differentiated from the mycelium, and as 
a rule unbranched. They are ,3 to 5 celled. (Plate I, 1-5). 

c) Sclerotioid body. Sclerotioid bodies were not formed in any 
artificial cultures. 
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d) Conidia. Conidia are borne at the tip of the conidiophores. 
Those produced on media are usually connected ; on an avwage, 2 
to 8 forming the chain (Plate I, Fig. 2). They are obdavate brown, 
and 4-76 x 4-16 micra in age with from 1 to 10 transverse septa and 
0-6 longitudinal septa. Conidia terminate in a hyaline, septate beak. 
The length of the beak varies from one ‘fourth to one half that of 
the conidium. (Plate I, 1), The length of the conidia varies also 
fjonsidwably in different strains and on different cultural media. 
Tables I, II and Fig. 1 show this relatbn in detail. 

Table I. Lengths and widths of conidia formed on 
various cultural media. 



Media used 

Mean 

Mode 

Standard 

deviation 

Max 

j Min 

Number 

measured 


Persimmon agar 

1 27.00±0.84 

20.6 

8.43 

61.2 

3.6 

100 


Banana agar 

31.B8±0.82 

30.6 

8.16 

61.2 

14,0 

100 


Apricot agar 

21.46±0.04 

21.6 

0.37 

23.3 

10.8 

100 


Bouillon agar 

2C.46±0.33 

2.3.6 

.3.32 

37,6 

6.6 

100 


Persimmon agar 

]0.26±0.08 

7.6 

0.70 

14.6 

3.6 

100 

■S'2 

Banana agar 

».»1±0.04 

11.6 

0.42 

11.6 

7.6 

100 


Apneot agar 

8.20±0.02 

7.6 

0.18 

10.8 

3.6 

100 


Bouillon agar 

10.C5±0.10 

10.6 

1.68 

14.4 

3.6 

100 


Table II. Lengths and widths of conidia of 3 strains 
formed on the persimmon agar. 


Strains 

Mean 

Mode 

Standard 

'deviation 

Max. 

Min. 

Number 

measured 

I 

20.38+0.37 

26.2 

8.26 

61.2 

10,8 

600 

11 

26.20±O.83 

26.2 

7.86 

60.4 

7.2 

600 

III 

26.78 ±0..3.3 

26.2 

7.48 

I52-4 

10.8- 

600 

I 

10.67±0.07 

10.6 

1.66 

14.6 

8.6 

600 

II 

8.82±0.04 

10.6 

0.07 

14.6 

3.6 

600 

in 

10.40±0.04 

11.6 

0.86 

11.5 

3.6 

600 
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Lengths •{ spores 


Fiff. 1. lengths of conidia of 3 different strains formed on the 
persimmon agar 


3. TAXONOMY. 

The characteristics above mentioned denote that this fungus belongs 
to the genus Altemana. The specific identification of this genus must 
be made with the materials collected directly from the natural parasitic 
condition, for the fungi of this genus show various deviations from 
their specific characters on the artificial cultural media, as Bolle 
(’24), Togashi (’26), Angell (’29) and many other authors have 
already indicated. In my case, therefore, specific identification was 
very difficult, in as much as the present investigation was carried out 
exclusively upon the cultured specimens. Although exact identification 
must await a further investigation, from the close agreement of the 
cultural characters I venture to state that the fungus studied by me 
is identical to Altemaria tenuis Nees, The literature on the Alter- 
nariosis of huma|) and animal is very scant so far as 1 am aware. 
Matta (’26) has reported a case of human otomycosis caused by 
Altemaria tenuis. Wahl and Haden (’23 after Brumpt) also found 
the spores of Altemaria sp. in the phlegms and lung tissues of tuber- 
culosis patients in three oases. 
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PATHOGENECITY. 

The pathogenecity of the fungus was tested with pure cultures 
obtained from a banana media. 

1. MATERIALS AND METHODS 

The animals used for these experiments were rabbits, guinea pigs 
and albino rats ; mice and frogs occasionally were also used. The 
spores of the fungus were given per os 2-5 platinum ears with meal 
in proportion to the size of the animals. For the purpose of injection, 
I prepared a suspension containing about <W)0,000-1 ,000,000 spores 
per 1 cc. in the physiological salt solution, and 0.5-1. Occ. was injected 
subcutaneously, intrapentoneally, intravenously or intracraneally once 
in each animal. Ultrafiltrates of about 60 days old bouillon culture 
were used for the test of toxin production of the fungus. 0,5 cc. of 
the filtrate was introduced intraperitoneally to the albino rats and 
mice. For a comparison, I injected also an Altemaria species which 
was collected directly from decaying leaves of the poppy. The pure 
culture of my fungus, which was sterilized with heat, was also intra- 
venously injected. It was my intention to investigate whether or not 
the spores produce a mere physical damage such as a simple foreign 
body like carbon powder or silicic sand, etc,, produced. 

2 RESULTS OF THE INJECTIONS. 

Soon after an injection, the rabbits, guinea pigs and albino rats 
became distressed, showed less appetite, and slept deeply at a comer 
of the cage, thrusting their noses into the nest. In the course from 
two to four days the animals became lean, their fur grew ruffled, the 
place of injection as well as the lymph nodes of the body surface 
swelled, and they breathed with difflculty. The animals grew weak 
and cachectic by and by, and lay on one side in varying periods of 
from 5 hours to two days before death. The rabbits died within 
about 16 days, the guinea pigs within about nine days and the albino 
rats within about 40 days after the injections> The' moi^ity rates 
were 67 9^ in the guinea pig, 4394 in the rabbit and 2394 in the 
albino rat. (Table III). 

The animals injected both with the sterilized culture and the culture 
of Altemaria sp. as well as those fed with the spores remained aparently 
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Table III. Result of injection experiment on the 
laboratory animals. 


Animalii 

Injected matenaU 

Seat of injection 

Day on 

died 

Day on 

kd^d 

ity rates 

Rabbit 1 t 

Culture of Altemana 
tenuis (’) 1.0 cc. 

intravenous 

16 



2 

.. 1.0 cc. 


16 



.. n t 

.. 0.6 cc 

intracraneal 

13 


43« 

„ 4 t 

1.0 cc. 

intravenous 


14 

.. fi t 

1.0 cc 



48 


.. f. 4- 

1.0 cc 

subcutaneous 


24 


7 t 

l.Occ 



40 


Rabbit 8 4 

Culture of Altcr- 
nanu sp. l.Occ 

intravenous 


14 

0 

„ « t 




36 


Rabbit 10 t 

Sterilired cult of A 
tenuis C') l.Occ 

intravenous 


18 


11 4- 




20 


12 t 

•• 



SO 


Guinpa pig 1 f 

Culture of A. tenuis 
(?) 0 6cc 

i intraperitoneai 

8 



.. 2 4- 



8 



.. 3 4- 


subcutaneous 

9 



4 t 


.. 


60 


6 + j 




30 


.. 6 t 


intracraneal 

3 



Guinea pig 7 

Steril cult, of A 
tenuis (?) 0.6 cc. 

intraperitoneai 


22 

0 

8 4- 


subcutaneous 


26 


Guinea pig 0 { 

Cult of Altemana 
sp. 0.6 cc. 

intrapentoneous 


26 

0 

» 10 t 


subcutaneous 


30 


Albino rat 1 t 

Cult of A. tenuis 
(?) 0.6CC. 

intrapentoneal 

22 



.. 2 t 

3-f 


subcutaneous 

26 

31 


23 * 

4 4- 



18 
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Animals 

Injected materials 

Seat of iniection 

Day on 
which 

died 

Day on 
which 

kilM 

Morta- 
lity rates 

Albino rat 6 t 

Cult of A. tenuis 
(?) 0.6 cc. 

subcutaneous 

40 



' at 
.. 7 t 

intracraneal 


26 

40 

33?i * 

Albino rat 8 4- 

.. 9 4- 

Filtrate of bouillon 
cult of A tenus (’) 
0.6 cc. 

i 

intraperitoneal 

2 

2 



10 t 

.. IW 

.. 12 t 

.. 13 4- 1 


” 

1 

3 

6 

6 

67?!,' 


*The other albino rats which did not die were omitcd from this tabic 


well during a period of 18 to 50 days, after which period these were 
killed and histopathologically examined. 

The intraperitoneal injection with 0.5 cc. of the ultrafiltrate of the 
bouillon culture was fatal to mice and albino rats. The mice became 
less active soon after the injection of the filtrate. 12 to 16 hours 
later they sat and slept quietly in cages. By and by they grew weak, 
finally lying on one side with difficulty of breath before death. The 
animals died within 2-3 days after injection. This fact may be taken 
to prove an exotoxin production of the fungus. 

3 CIRCULATION OF SPORES IN THE ANIMAL BODY. 

It is an interesting fact that the injected spores were found usually 
in the urine. Dr. Sakai detected, as already mentioned, the spores 
in the urine of the patient even so long as about 40 days after the 
onset of the illness. He has also detected a few spores in the urine 
of a spore fed cat. 

1 also succeeded in finding spores in the urlhe of’ many injected 
animals, though I failed to find any in the spore fed animals. 

In the frog we obtained a rather doubtful result on this point. 
A frog was etheroed and spores were injected intraperitoneal ly and 
then the frog was fixed on a wooden dissecting board. In order to 
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collect the urine, a fine glass tube was inserted into the cloacal 
opening, and its opposite end introduced into a small test tube. The 
whole apparatus was covered with a large glass jar whose inside wall 
was covered with filter papers saturated with water. The etherization 
was repeated according to necessity. The fluid of the test tube was 
examined about 12 hours later, and only one spore was observed. 
There is, however, a chance to mix the urine with the rectum content 
in this experiment, so the present result is still doubtful without 
repeating the te.st several times. 

The histological examinations carried out on rabbits, guinea pigs 
and albino rats showed that the spores were found most frequently 
in the lungs after a subcutaneous and intra peritoneal injection. The 
presence of spores in the encephalon was observed only in one case. 
The spleen, liver and gall bladder contained tbe spores in a few cases. 
I also found the spores in the kidney after the intraperitoneal injection, 
but their location in the tissue makes us suspect that these were 
accidentally removed from outside of the tissue during histological 
procedures, since these spores are often placed on the top of the 
sections but not in the tissue. 

Two rabbits were killed two to three hours after the intravenous 
injection and were histologically investigated. The spores were found 
in capillaries of brains, lungs, kidneys, livers and spleens as emboli. 
The number of spores found in tissues was reduced greatly with 
lapse of time, and the detection of spores one month later was usally 
negative in any organs. The detection of spores by intracranial 
injection was also negative in all the oijgans except the brain. 

The spores were found most abundantly in the lymph nodules 
situated on the omentum near the spleen, which were much swelled 
and firm and dark gray in color. Microscopically, numerous spores 
were in the hyperplastic connective tissue and were either surrounded 
by leucocytes or captured by giant cells. 

4. PATHOLOGICAL FINDINGS. 

The autopsy findings and histopathological changes of some repre- 
sentative cases are as follow. 

Rabbit 1. male. Injected intravenously with 1.0 cc. of suspenskm. 
Died 16 days after the injection. Body weights, 1899 g. before mjec- 
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tion and 1770 g. at the end. 

The liver was considerably enlarged, with thickened borders, and 
was dark brown in color. The cut surface was tender and grayish 
yellow in color. The spleen was enlarged ; edges rounded ; pulp, 
black and spoted. The kidneys were jnormal in si/e, dark red in 
color, the consistency somewhat increased. 

In the thoracic cavity, there was a small amount of turbid, reddish 
fluid. Costal pleura was moist and pinkish. Anterior right and left 
lobes were loosely adhered to costal pleura. The lungs were markedly 
nodulated and the cut surface was occupied with the densely scattered 
whitish nodules. (Plate III, 11). A ca.seinous substance mixed with 
dark reddish fluid was squeezed from the cut surface. The heart was 
normal in size. The myocardium appeared rather pale and anaemic. 
The blood vessels of the brain were distended and filled with blood. 

Histopathology : The boundary of the liver cells was considerably 
obliterated. 'Fbe central veins of acini were distended and filled with 
liquid blood. The spleen showed an increase of free cells in pulp, 
and endothelial proliferation in sinus. (Fig. 2). The kidneys were 
somewhat hyperaemic. The 
air space of the alveoli of 
lung were filled with the 
exudate containing a large 
mass of leucocytes, histio- 
cytes and desquamated al- 
veolar epithelial cells. The 
active regeneration of the 
latter were seen in many 
alveoli. The septa of the 
alveoli were infiltrated with 
white blood cells and histio- 
cytes. Many of the histio- 
cytes were deposited abun- 
dantly with fine and brown 
pigment. (Plate II, 10). In 
some alveoli, the exudate 
became a homogeneous, reddish substance in which the granulation 
tissues were invading. The insular necrosis were seen in places. 



Fig. 2. Endothelial proliferation of aplenic 
siniu. (x600) 
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(Plate III, 13 and 14). The nuclei disintegrated into a number of 
particles which were scattered, forming an island before they gradually 
vanished. The leucocytes accumlated at the periphery around the 
necrotic area. The spores were found more frequently in such a 
portion than in another. The spores were surrounded by histiocytes 
or were captured in giant cells. (Plate III, 15). The pleura situated 
on such severely affected parts were markedly thickened, upheaved 
with exudated fibrin and infiltrated with leucocytes and histiocytes. 
(Plate III, 12). 

Rabbit 3. male. Injected intracranially with 0.5 cc. of suspension. 
Died 12 days after injection. Body weights, 1925 g. before the injec- 
tion, and 1575 g. at the end. 

In the peritoneal cavity was a small amount of turbid, reddish 
fluid. The liver was slightly enlarged, its capsule stretched. The 
color of the organ was dark red on the surface and grayish red on 
the cut surface. The central veins of acini were so strongly filled 
with blood that they seemed like dark spots on the cut surface. The 
kidneys were slightly enlarged and dark reddish in color. The spleen 
was normal in size but soft in consistency and reddish purple in color. 
In the thoracic cavity was a small amount of turbid, reddish fluid. 
The lungs showed a remarkable congestion. The heart was pale in 
color, the blood in both ventricles well coagulated. In the cranial 
cavity were also a few drops of turbid, reddish cerebrospinal fluid. 
No adherence was found between the brain surface an the inside 
wall of the cranium. Meninges showed dirty reddish in appearance. 
The cut surface of the brain was pinkish colored. 

Histopathology : The liver sections showed remarkable capillary 
engorgement. Many glomeruli of the kidneys showed hyperaemia, 
and the tubuli were filled with coagulable substances. The spleen was 
also hyperaeraic and its capsule was tliickened. The vessels of the 
lungs were distended and filled with blood. There were also hemor- 
rhages in places. The visceral pleura was thickened in infiltrated 
with leucocytes. A great number of injected spores were retained in 
the subarachnoidal spaces, and vivid phagocytosis of giant cells to 
spores were observed. (Fig. 3). There were seen the infiltration of 
Isrmphoid cells and a small amount of fibroblasts. (Plate II, 8 and 9). 
The superficial layer of the encephalon showed a cellular infiltration 



0 


Fir 3. Phagocytosis of leucocytes to S|xires in the 


in places. 

Guinea pig 3. female. Injected subcutaneously with 0.5 cc. of the 
spore suspension. Died 9 days after the inj'ection. Body weights, 
420 g. before the injection and 370 g. at the end. 

In the abdominal cavity were a few drops of reddish fluid. The 
abdominal wall was moist. The liver was light brown ip color, con- 
siderably enlarged with thickened borders, and friable. The spleen 
was a little enlarged, softer than normal, and dark reddish in color. 
The kidneys were pale and oedematous. In the thoracic cavity, a 
few drops of yellowish fluid were present. The lungs were darit red 
in color, with increased consistency. A frothy red liquid was squeezed 
from the alveoli. The heart was light brownish, and the blood was 
well coagulated in both ventricles. 

Histopathology : The Kupfbr’s cells of the liver were swcfllen 
and filled with browiushed pigments. In the spleen was a prolifere- 
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tion of sinus endothmal cells in additbn to a cellular infiltration in 
the 8[denic pulp. The malpi^ian corpuscles were scnnewhat obliterated. 
The kidneys showed some capillary engorgement The ^oineruli were 
slightly infiltrated with the leucocytes. The tubuli were somewhat 
swoUen and contained a little coagulable substance. The septa of the 
alveoli of the lungs were thickened and engorged with blood. The 
air spaces of the alveoli were filled with accumulated exudate, made 
up in part of outwandered leucocytes and histiocsrtes and in part of 
desquamated epitherium. 

Rabbit 4. male. Injected intravenously with 1.0 cc. of suspension. 
Killed 48 days after injection. Body weights, 1830 g. before the 
injection and 1985 g. at the end. 

The noteworthy changes were seen only in the lungs. The lungs 
showed yellowish red in color. Microscopically was seen the thickening 
of the alveolar walls, and a red fluid in the alveolar lumens in which 
the histiocytes still remained. 

Albino rat 8. female. Injected intraperitoneally with 0.5 cc. of the 
filtrate of bouillon culture. Died two days later. Body weights, 62 g. 
before the injection and 57 g. at the end. 

In the abdominal cavity was a small amount of turbid, reddish 
fluid. The parietal peritoneum retained a few petechiae on the surface. 
The Ihrer was enlarged, Arm, and dark red in ccdor. The kidneys 
were normal in size and pale reddish in color. In the thoracic cavity, 
a small amount of transudate was present. The lungs were dark red 
in color, and oedematous. The blood vessels of the surface of the 
brain were distended. 

Histopathology : The liver showed capillary engorgement of blood. 
In the kidneys, glomerular hyperaemia were found. The lumen of 
the tubuli contained a lumpy and granular substance, staining well 
with eodn. In the spleen existed no remarkable changes. The lungs 
showed a remaikable hyperaemia. Hemorrphages were seen in places. 
The alveoli soKNSwhat decreased their air spaces. The bronchial walls 
were infiltrated with leucocytes and the bronchial spaces contained 
some exudate. In the encephalon was very weak cellular infiltration. 

The control animals, to which sterilized spores or the spores of 
an Altemaria species collected" from the leaves of the poppy were 
mjected, showed no remarkable changes following such treatment. 



Although I killed them for the purpose of comparison with the 
experimental animals in varying periods after the injection, only two 
representative cases will be described here. 

Guinea pig 7. male. Injected intraperitoneally with 0.5 cc. of the 
suspension of sterilized spores. Killed 22 days later. Body weights, 
620 g. before the injection and 640 g. at the end. 

The macroscopical observation showed no remarkable changes. 

Histopathology : The liver was slightly h 3 rperaemic ; the spleen 
was also rich in blood, and the nuclei of the splenic cells were generally 
vesicular. The kidneys were also somewhat congested and the tubuli 
contained a thread like substance. The lungs and brain were normal. 

Albino rat 11. female. Injected intrapmtoneously with 0.5 cc, of 
suspension of Altemaria sp. Killed 20 days after the injection. Body 
weights, 80 g. before the injection and 110 g. at the end. 

Noteworthy changes occured only in the kidneys. They were dark 
red in color. The sections showed a considerable degree of capillary 
engorgement. The lumen of the tubuli contained some coagulated 
substance. 

The autopsy and microscopical findings of all the animals injected 
with the spores showed simillar remarkable alternations: a) broncho 
or lobular inflammation of lungs, b) cellular infiltration of meninge, 
c) endotherial proliferation in splenic sinus and cellular infiltration of 
Malpighian bodies, and d) fibrinous or serous inflammation of kidneys. 
On the other hand, the pancreas and alimentary tracts showed no 
structural changes, and the changes in the heart were not remarkable. 

These results lead us to conclude that the fungus studied by me 
is pathogenic to the usual laboratory animals. The affection is most 
severe in the lungs but that of the brain seems to be secondary. 
This is contrary to the relatbn noted in man, in which case the brain 
showed severe alteration while the lungs showed practically no alteration. 

The pathogenicity of this fungus seems due, primarily to the large 
size of the spores, and secondarily to the torin which is produced by 
the metabolism of the fungus, though I could n^ separate it from 
the cultures. Its preseiKe, however, may be inferred from the non- 
pathogenicity when injected with sterilized spores. That the spore 
reacts as a foreign body and produces circulatory distuikances as ks con- 
8e()Uence may also be inferred from the fact that the animal moculated 
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■with sterilized spores also showed hyperaemia of several organs. The 
production of toxin by our fungus may be further inferred from the 
fact that the injection of an Altemaria sp. was not fatal to all the 
experimental animals, while the species found in the urine was always 
fatal to the animals, as was stated. 

I regret that any satisfactory explanation as to the mechanism of 
spore excretion is not possible at present, and on this point a further 
investigation is necessary. 


SUMMARY 

1) A fungus found in the urine of a patient suffering from menin- 
gitis was studied. It seems that the fungus is identical to Altemaria 
tenuis Nees, from the cultural and pathogenic characters. 

2) The very marked and definite changes in the lungs and other 
organs are considered sufficient evidence that the fungus studied by 
the author was pathogenic to the animal. The mortality rates were 
67 m the guinea pig, 43 9^ in the rabbits and 23 9^ in the albino 
rats 

3) The exotoxin production was examined. The intraperitoneous 
injection with 0.5 cc. of the filtrate of bouillon culture was fat^J to 
mice and albino rats, 

4) By the injection of sterilized culture of the fungus and living 
culture of Altemaria sp. collected from leaves of the poppy, no 
remarkable disturbance was observed, except the slight congestion of 
various organs. The feeding investigation with spores caused no 
remarkable disturbance, either. 

5) Many spores were found in the urine, lungs, spleen, liver, 
gall-bladder and brain, in varying periods after the intraperittmeal 
and subcutaneous injections. The number of these spores was reduced 
by the lapse of time, and the detection of spores after one month 
was usually negative in any organ. 
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EXPLANATION OF PLATES 
PLATE 1 

1. Conidia produced on the persimmon agar 

2-5. .Showing the conidia formation on the tip of conidiophore 

6. Hyphae and vesicular, highly vacuolated and thin walled bodies 

PLATE II. 

7. Colony formed on the Sabourauo’s glucose agar plate (8 days old culture 
x2/3) 

8 Meninx of intracranially injected rabbit, showing the presence of spores 
and cellular infiltration (x57). 

9. Highly magnified figure of a part of fig. 8. (x480) 

10. Desquamated epitberial cells of lung of rabbit following the intravenuos 
injection of spores (x480) 

PLATE III 

11. Cut surface of lung of intravenously injected rabbit. 

32. CircumscTipt pleuritis of same animal (x30). 

13-14. Insular necrosis of lung of the same. (x57). 

15. Highly magnified figure of a part, of fig 14 showing the presence of a 
spore which is captured in a giant cells (x480), 
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On the Sexual Differences in die Newi, 
Dienuctylus pyrrhogaster (Boie). 

By 

Tadao Ueki 

(Biologi al Laboratory Toyama High School Toyama, Japan ) 

(With I text figure) 

The external characters of the newt were already observed and 
described by T Iwakawa (1889) and L Stejneger (1907), but much 
remains to be studied about this interesting Anuran species The 
object of the present study is to observe the sexual dimorphism m 
relation to colour marking together with the various measurements 
of the body its component internal organs and their water content, 
and the range of the fluctuation of the body weight 

MATERIAL USED 

Diemictylus pyrrhogaster is a species of the newt widely distributed 
in Japan and is commonly found m old ponds, swamps, and road 
side drains The newt is easily coUected with a net because of its 
stow movement The most of those which I used m my experiments 
were coUected in a little pond at Futatsusawa in the vicinity of Sendai, 
end at Bagyunuma ni the vicinity of Shiroishi, Miyagi Prefecture, a 
cultural pond The number of newts collected at these two 
ponds are respectively as follows 

t 4 - 

At Futatsusawa 71 51 

At Shircn^i 354, 459 

altogether 935 newts were utilized for this study The 
newts expected in different ponds were used for different experiments, 
iiiid in no instances the newts frqm different sources were mixed f<Mr 
<me set of the experiments Those newts which were not used at 
rnioe were kept m a fish pond and fed with Tubifex and Limnodrilus. 
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The detafls concerning the time when collected, and wh«t used are 
shown in Table I. 


Tabl^ I. 


Date on the newts 
from corresponding 
ponds arc found 
in Tables. 

11. Ill, V. VIII. 

IV, V. 

VI, VII, IX. 

Locality and time 
of collection. 

Futatsusawa. on July 
1st, 1927 

Futatsusawa, on No- 
1 vember 10th, 1927. 

Shiroishi on Novem- 
ber 28rd, 1927. 

Feeding. 

Limnodrtlus and Tubi- 
fex, every morning. 

Limnodrilus and Tubi- 
fex, every morning. 

Kept in tap-water 
without food. 

Examined. 

July 1st — July 12th, 
1927 

November 11th — No- 
vember 80 th, 1927 

November 26th — De- 
cember 1st, 1927. 

Number of newts. 

40(20 t +204) 

82(61 t +S1 4) 

813(864 J +4694) 


The animals were killed with chloroform and both the gross body 
weight and gross volume, together with the lengths of the total as 
well as of component parts of the body were recorded. The very 
general distribution of color markings viewed from the side was 
fetched from some newts. The head (from tip of snout to gular 
fold) and the tail (from anterior angle of vent to tip of tail) were 
then removed, and the blood allowed to escape, and separately weighed. 
The weight of the trunk with limbs was estimated by subtracting the 
weight of the head and tail from the entire body weight. The weight 
of blood in both head and tail is thus added to the weight of the 
trunk, but fortunately the amount of error from such treatment is 
insignificant, owing to the very minute quantity of blood in these two 
regions just stated. Finally various’ organs were taken out of the 
trunk separately by cutting the ventral wall, not along the middle 
line, but slightly to the side in order to avoid the sectioning of the 
abdominal vein. All the organs under discussion <C8n easily be isolated 
from their surrounding structures. The organs whicli were removed 
and weighed are as follows; brain, eyeballs, heart, thyroid, spleen, 
pancreas, stomach, intestines, liver, gall-bladder, lungs, kidneys, ovaries; 
oVkiicts, testis, doacal glands, and fat bodies. 

It required nearly (me and a half hours for removal as well a$ 
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for weighing to 0.001 gnun all those organs from one newt, I'he 
body weight was obtained from the gross body weight by sub- 
tracting the weights of the contents of stomach and intestines and all 
parasites which were found in various organs. In order to avoid the 
error due to evaporation during removal of the various organs, 1 placed 
a number of wet clothes near by and began with the minute organs. 

SECONDARY SEXUAL CHARACTERS. 

At the young stage of the newt the secondary sexual characters 
are not distinct, but with those body weight reached to about 3 or 
4 grams the differences are easily noticeable. Some of the prominent 
differences according to sex (noticed from the fully adult newts, unless 
otherwise mentioned) are as follows; 

1. The female is larger than the male. From the measurements 
made on about 800 adult newts, it was found that the total body 
length of the adult female measures about 8 to 13 cm., while that 
of the male ranges from 7 to 11 cm. (tail-fin included) ; and the body 
weight of the full grown female is about 10 grams., while that of the 
male is 6 grams. The difference seems to be the result partly of the 
heavier weights of gonads and cloacal glands. According to Table 
IV, the average value of the l»ody weight being equal, that is, 5.3 gram, 
ovaries plus oviducts are 0.46 grams -f 0.37 grams =0.83 grams, while 
testes plus cloacal glands arc 0.14 grams -t- 0.17 grams =0.31 grams, so 
that the percentage will be I 696 in the female while in the male, 

2. At puberty, both the flap-like patroid glands and the lateral 
glandular ridges (dorso-ventral and ventro-lateral of the trunk) are 
larger in male than in the female, and the scapular glands develop 
only in the male. (See L. Stejneger: Herfietology of Japan and 
Adjacent Territory, pp. 16-21.) 

3. The vent of the male is surrounded by a globular swelling, 
the surface of which is coarsely pustular, and the opening exhibits a 
longitudinal slit, but in the female vent is placed on an oval swelling 
which is elevated from a compressed base and the opening itself is 
circular in shape. 

Pnrfeaaor S. Hozawa called my attention to the fact that in the 
aexuidly mature male, long radiating papillae with many hamlike process 
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develop inside the vent temporarily from April to May. 

4. The fore legs and the hind legs of the male are Tdbtively 
longer than those of the female, and the longest third toe of the 
male measures about 6.5 mm., while that of the female measures 5 mm. 

5. The tail of the male differs from that of the female in several 
respects. It is strongly compressed dorso-ventrally and along the 
middle lines on both surfaces (above and below) are found the fins. 
The heights of these are equal, and they suddenly taper near the 
end of the tail, while in the female the fins are totally absent from 
the tail and the tail as a whole tapers gradually to the end. 

The relation between the tail length and the height of the tail at 
the middle is as follows : 


Average of 40 newts (20 t, 20 4-.> 



Sex 

t 

+ 

Ab«olut« length 

Tul length 

40.2 

67.6 

in mm. 

Tail height 

7.2 

6.0 


Tail length 

100.0 

100,0 

Percentage length 

1 

Tail heigth 

14.7 

12.0 


In the female the ventral 1/5 of the tall fin exhibits a deep blood 
red color, while in the male the red color is not only very weak but 
it fades away dorsally without forming any boundary line between 
the ventral red and dorsal dark. 

The extention of usual red coloration of the ventral suface varies 
according to the individuals, irrespective of the sex. 

6. In the sexuaDy mature male, the body surface b very soft to 
the touch, and the coloration of the bo^y is very beautiful, exhibiting 
a complex arrangement of colors, — blackish green, lighter green, 
steel blue, blood red, etc. 

SEXUAL DIFFERENCES IN MEASUREMENT QSF WEIGHTS 
AND DIMENSIONS. 

A. WEIGHTS OF INTCRNAL ORGANS. 

In^ Table 11 are given the values of the observed body weights 
and all the organs examined, based on newts (20 , 20 ■^.) whidi 
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Table IL 


Species 

Sex~ 

Numbers 

Homo sapiens 
after Wblcxkr, H.J 

Salamandra 
maculosa (After 
Welcker, H.) 

Diendc^lua 

pynhogaater 

Male 

Female 


Female 

Ttlal^ 

Female 

fi 

4 

1 

— f— - 

20 

So 

Net body weight 

6776 

Cilograma 

' 81,2 
Cilograma 

12.1 

22.8 

4.1 

6.1 

Brain 

1461 

1349 

.081 

.044 

,018 

.021 

Eyeballs 

12 

12 

.071 

.086 

.019 

.020 

Heart 

3174 

.883 

.063 

.048 

.006 

.010 

Thyroids 





.0006 

.0011 

Spleen 

149 

111 

.038 

.072 

,017 

.027 

Pancreas 

86 

72 

.028 

.048 

.008 

.013 

Alimentary tract 

2197 

1426 

.644 

1.660 

.169 

.242 

Liver 

1764 

1342 

.621 

2.268 

.226 

.884 

Gall-bladder 





.007 

.012 

Lungs 

1471 

774 

.086 

.180 

.017 

.026 

Kidneys 





.087 

.041 

Ovaries 






.619 

Oviducts 






.219 

Testes 





.284 


Cloaca] glands 





.027 


Fat body 





.179 

.129 

Net body weight 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

Brain 

2.67 

3.61 

.26 

.19 

.46 

.34 

Eyeballs 

.12 

.18 

.59 

.88 

.46 

.38 

Heart 

.66 

1.27 

.44 

.22 

.14 

.16 

Thyroids 





.014 

.018 

Spleen 

.26 

.27 

..82 

.82 

.42 

.44 

Pancreas 

.16 

.14 

.21 

.22 

.19 

.21 

Alimentary tract 

2.66 

3.76 

6.34 

7.00 

3.87 

3.97 

Liver 

8.09 

4.10 

4.32 

10.18 

6.62 

6.48 

Gall-bladder 





.16 

.20 

Lungs 

2.69 

1.84 

.71 

.68 

.41 

.41 

Kidneys 





.89 

.68 

Ovaries 






8.53 

Oviducts 






8.60 

Testes 





6.72 


Cloacal glands 





.67 


Fat body 





4.S8 

2.12 
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were collected during the month of July from Futatsusawa. 

In this table are included also the percentage weight, and for 
comparison, the data on Homo sapiens and Salamandra maculosa. I 
have already mentioned that the total body weight of the female is 
much heavier than that of the male and this relation is clearly shown 
in this table. 

The sCTual differences shown by eadi organ examined are better 
shown when the percentage values are examined, that is, the weight 
of brain, ^balls and kidneys of the male surpass the female, but, 
on the contrary, the alimentary tract and gall-bladder are relatively 
heavier in the female than in the male. In general, the same 
ph«iomena occur with Salamandra maculosa, as will be seen from 
Table II, while in Homo sapiens the relative weights of brain and 
eyeballs are smaller in the male than in the female, although in the 
case of the alimentary tract the same relation is shown as in the case 
of the newt. 

B VARIOUS OTHER MEASUREMENl S. 

In Table III are given the values of the observed body lengths 
and the lengths of various parts examined. In this table are also 


Tabi,e III. 



Absolute length in mm. 

Percentage length 

Sex 


Female 

■"Stale 

Female 


20 newts 

20 newts 



Numbers 

from 3.2 to 

from 4.3 to 




6.1 grams 

8.2 grams 



Total body length 

9.1 

m 

100 

100 

Head: From tip of snout to gular 
fold 

12 

14 

1.1 

13 

Trunk' From gular fold to anterior 
angle of vent 

.12 

40 

.14 

.16 

Tail: From anterior angle of vent 
to bp of tail 

49 

68 

63 

62 

Width of head 

10 

11 i 

ir 

10 

Fore leg 

19 

20 

20 

18 

Hind leg 

20 

22 

22 

19 

Longest toe (the third toe} 

6.0 

6.6 

6.6 

6.0 

Height of tail in middle 

7.2 

6.9 

7.8 

6.2 
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included the percentage values of the same data just given. In 
general, the absolute body length of the female is longer than that 
of the male, and a similar relation holds true in all other parts which 
were measured. On the other hand, when these absolute values are 
transformed into the percentage values then the relative values of all 



the measurements shown an opposite relation from the above. 1 have 
given the two diagramatical illustrations showing various parts of the 
body discussed in this paper (Fig. 1). 


C. GROWTH OF PARTS OF THE BODY AND VARIOUS ORGANS 
WITH RESPECT TO THE ENTIRE BODY WEIGHT. 

In order to show the relations just stated more clearly I have 
plotted these values, according to the increasing body weight, in Chart 
I, Figs. 1-14, based on the data given in Table IV. To the body 
weight is included the weight of gonads. I have already shown various 
weight and length relations which are given by the adult newts when 
compared with Salamandra maculosa and Homo sapiens. In this 
section it is fntented to study the growth of parts of the body and 
VRrious organs with respect to the entire body weight, based on 82 
pewts (51 'J', 31 which were collected, also from Futatsusawa, 



Table IV. 
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j+6.6j-2.6j-3.^+21.4j4-^j 1.0j-5.&-80.0;-12.6'l-28.^+2S.Oj-l3.^+62.^+Z1.9j 
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during the month of November. The former data given in Table II 
are not included in this study but those of the adult are compared 
to each odier in Table V. 

Since the relations between the two sexes concerning various 
measurements are clearly shown in both Table IV and Chart I, I 
shall omit detailed description and will limit myself to those measure- 
ments of which the relation is not expressly shown in the table or 
in the chart. 



3 8 466780 10 28456780 10 


Body weight in granu. 
Chart I. 
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Table V. 


Locality of collection 

Futatsusawa 

Futatsusawa 

Examined 

July 1st — July 12th, 1927. 

November lltK — Novem- 
ber 30th, 1927. 

Sex 

Male 

Female 

20 newts 
from 4.3 to 
8.2 grams 

. Male 

Female 

Number of newts 

' 20 newts 

from 8-2 to 
6.1 grams 

43 newts 
from 8.1 to 
5.4 grams 

i5 newts 
from 4.6 to 
6.1 grams 

Net body weight 

4.1 

6.2 

4.2 

6.1 

Brain 

.018 

.021 

.028 

.024 

Eyeballs 

.019 

.020 

.026 

.024 

Heart 

.006 

.010 

.007 

,010 

Spleen 

.017 

.027 

.016 

.021 

Pan< reas 

.008 

.013 

,008 

.013 

Stomach 

.066 

.092 

.060 

.101 

Intestines 

.103 

.160 

.060 

.100 

Liver 

.226 

..334 

.271 

,387 

Lungs 

.017 

.025 

.012 

,019 

Kidneys 

.037 

.041 

.066 

.036 

Fat body 

.179 

.129 

,032 

.032 

Ovaries 


.619 


.634 

Oviducts 


.219 


.440 

Testes 

.234 


.111 


Cloacal glands 

.027 


.128 


Net body weight 

100.00 

100.00 

100.00 

100.00 

Brain 

.45 

.34 

.66 

.39 

Eyeballs 

.46 

..38 

.59 

.39 

Heart 

.14 

.16 

.17 

.16 

Spleen 

.42 

.44 

.38 

.34 

Pancreas 

.19 

.21 

.19 

.21 

Stomach 

1.37 

1.60 

1.42 

1.66 

Intestines 

2.60 

2.47 

1.42 

1.64 

Liver 

6.62 

5.48 

6.46 

6.34 

Lungs 

.40 

.41 

.29 

.31 

Kidneys 

,89 

.68 

1..31 

.69 

Fat body 

4,38 

2.12 

.76 

• .62 

Ovaries 


8.63 


8.76 

Oviducts 


3.60 


7.21 

Testes 

6,72 


2.63 


Cloacal glands j 

.67 


3.06 
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Head. — TTie male head is a little heavier than the female head. 
This difference seems to be resulted partly from the heavier weights 
of brain and eyeballs in the male than of those in the female (Chart 

I. 1). 

Trunk. — In the weight of trunk, the difference between the sexes 
in negligibly small being only +2.^^ in favour of the female (Chart 

I. 2). 

Tail. In this character, the difference is also slight being +3.896 
in favour of the female (Chart I, 3). 

Brain. — Here the sex difference is very clear, being as much as 
+ 21.496 in favour of the male (Chart I, 4). 

In Rana nigromaculata, Komine (1924) also found differences in 
the brain weight according to sex and the male showed relatively 
heavier brain weight than the female. It is curious to note that, in 
Homo sapiens, the female brain is relatively heavier than the male 
brain (Weixker, H.). 

Eyeballs. — The male has the heavier eyeballs than the female, 
being +24.196 in favour of the former (Chart I, 5). 

It is mteresting to note that the weights of the brain and eyeballs 
are heavier in the male than in the female. 

Heart. — The sex difference is least in the heart weight (Chart 

I, 6). 

Spleen. — In the case of the spleen, the sex difference is clear 
and the curves of both male and female continue to rise upwards 
gradually, though a slight fall is noticed toward the end (Chart I, 7). 

Pancreas. — The sex difference is not so great as that shown by 
the central nervous system, and the female possesses a relatively 
heavier pancreas (Chart I, 8). 

S. Hatai (1918) noted the same sexual relation in the albino rat, 
though W. E. Kelukott (1908) failed to find it in the dog fish. 
Welcker’s data (1903) reveal the existence of a similar sexual dif- 
ference in several of the lower vertebrates, such as Rana, Triton, 
Salamandra etc. 

Stomach. — The female newt possesses a heavier stomach, though 
in Hie albino rat Hatai (1918) found no sex difference. 

Intestines. — The sex difference is clearly marked in the weight 
of intestines as with the stomach, the differente being as hight as 
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Tati — Anterior angle of vent to tip of tail. 


Trunk — Gular fold to anterior angle of vent, 
in mm. 

Head — Tip of snout to gular fold, in mm. 
Height of toil — Height of tail in middle, in 
mm. 

Body weight — Gross body weight, in grams. 


+ 2& j 6^ in favour of the 
female (Chart I, 10). 

Liver. — The liver of the 
male is a little heavier than 
that of the female (Chart I, 
12 ). 

Kidney. — The kidney 
weight presents great dif- 
ference according to sex, the 
difference being as hight as 
-1-52.996 in favour of the 
male (Chart I, 13). 

Fat body. — The sex 
difference is distinct and the 
male’s is heavier than the 
femal’s (Chart I, 14). 

Ovaries and Oviducts. — 
The primary sex organs in 
the female increase as the 
body weight increases. 

Testes and Cloacal gland. 
— These organs, possessed by 
the male sex alone, increase 
as the body weight increases. 

D. GROWTH OF COMPONENT 
PARTS OF THE BODY IN RE- 
LATION TO THE INCREASING 
BODY LENGTH. 

In Chart II — Fig. 1-4 
are given the measurements 
of component parts (head, 
trunk and tail)’ of the body, 
in all of which the sex dif- 
ferences are clearly shown. 
The data are given in Tables 
VI and VII. 
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Talle VI. 



Table VII. 


Number of in- 
dividualu studied 
(Female) 

Total length. 

Tip of snout 
to gular fold. 

Gular fold to 
anterior angle 
of vent, in mm. 

Anterior angle 
of vent to tip 
oi tail, in mm. 

1- 

li 

Sst 

Gross body 
weight, in 

4 

86 

13 

28 

46 

6.6 

2.6 

26 

96 

i.n 

30 

62 

6.8 

3.8 

.17 

100 

13 

.12 

66 

6.9 


OS 

106 

14 

34 

67 

6.2 

5.2 

9.1 

no 

16 

36 

60 

6.6 

5.8 

86 j 

116 

16 

37 

63 

6.7 

0.7 

84 

120 

10 

38 

66 

7.3 

7.8 

48 

126 

10 

1 40 

09 

7.7 j 

9.1 

19 

131 

17 

1 

72 

S.l 

9.0 


Total 469(4-) 


The length of the head (the measurement taken from tip of snout 
to gular fold is called the head length) tends to be longer in the 
nude, though the difference between the sexes is very slight. 

The length of the trunk (from gular fold to anterior angle of 
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vent) of the female is, however, distinctly longer than that of the 
male. 

The length of the tail (from anterior angle of vent to tip of tail) 
and its width at its middle region are distinctly greater in the male. 

The tail is generally longer than the sum of the length of the 
head and the trunk iii both sexes 

E HODY WEH.in l\ KKLMION TO THE HODV LENGTH 

It IS deal that for anv gnen body length the male gives greater 
body weight, and vicc' versa 

What Was found true of the newt is opposite to the facts known 
of the albino i.it, found b> Donaldson and Hatai (1911), in which 
the body weight of thi' male is less than that of the female for the 
same given body length The data of measurement are given in 
Tables VI and Vll and in (’hart 11. Fig. .<>. 

VOLUME. SPECIFIC GRAVITY. AND WATER CONTENT 
OF TOTAL BODY 

The volume of the body was measured by displacement of water 
by placing the newt in a long narrow measuring cylinder, and the 
specific gravity was obtained from the relation • 

The water content of the entire body was determined by placing 


Table VIII. 


Sex 

Male 

Female 

Numlier of newU 

20 

20 

Body weight, in grams ^ 

4.00 

6.09 

Body volume, in CC 

,S.90 

6.88 

Specific gravity 

1.06 

1.P4 

Water content, in % 
o (Materials from Shiroishi,! 

76.7 

1 

78.7 


the newt in a weighing buttle after the ventral and dorsal body walk 
were cut open at a temperature of 95°-105T; for two weeks (Table VIII). 
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FLUCTUATION OF BODY WEIGHTS OF ADULT NEWTS. 

A large number of adult newts was collected in the Bagyunuma 
and the fluctuation of their body weights were determined. 300 
males and 300 females were picked at random for this purpose. 

The frequency distribu- 


tion of the body weights 
are given in Table IX. As 


TABI.E IX. 


will be seen from the table, 
the male body weights range 

Weight in 

j Number of individuiils 

from 1-2 grams to 6-7 grams 


1 Male 

Fomalt 

while those of the female 

1 « 

j 


range from 2-3 grams to 

2-- V. 

.W 

4 

11-12 grams. Thus, consi- 

.V- 4 

! 128 

U. 

derable difference is shown 

4- 5 

i ICft 

.17 

in the range of variability 

B -- « 

i 28 

04 

between the two sexes. The 

r 

j r> 

64 

wider range of body weights 

7- h 


62 

in the females is due to their 

8- 9 


•"1 

considerably larger body size, 

8-10 


I 2 

compared with the males. 

10-11 

11-12 

i 

6 

This is the same result that 


Sasaki (1926) found in 

Total 

1 8C0(t) 

.100(4.) 


Carassius auratus. 


The mean value of male newts was found to be 3.97 grams while 
that of females was found to be €.72 grams. 

SUMMARY. 

In the following, the more important facts are summarized : 

1. The male newts are far smaller than the female ; the mean 
body weight of the male is 3.97 grams against 6.72 grams for the 
female. 

2. In the males, the patroid glands and lateral ^andular ridges 
desnhut oapecially during the sexuafly Rctive period, and the vent not 
only sweAi tat «b6 many halHike processes grow temporarily on its 
inside. 

3. In the sexurf ssmeb the male is beautifully multicolored. 
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codtrary to the simple black or brown*black color of the female. 

At this period the skin of the male becomes soft and velvety and 
the sex can be distinguished by mere touch with the fingers. 

In the male, less than one-fifth of the entire length of the tail is 
blood-red colored. 

4. The length of head, tail, legs and longest toe, and the width 
of the head, and the height of the tail are comparatively longer in 
the male, but the trunk is longer in the female. 

5. In relation to body weight, the weights of head, brain, eye- 
balls, liver, kidneys, and fat body are heavier in the male, but that 
of stomach, pancreas and lungs are heavier in the female. 

6. For any given body length, the body weight of the male is 
heavier than that of the female. 

7. The range of the fluctuation of the body weight is wider in 
the female than in the male. 

8. The water content of the female body tends to be higher and 
its specific gravity lower than those of the male. 

(JENERAL REMARKS 

The aim of this study was to trace the sex differences in the newt. 
It is noticeable that there are the cloacal glands in the male, peculiar 
to this sex, and that besides there is the male gonad in the male as 
the primary sexual character. Side by side with the observation of 
the secondary sexual characters, I also made a special investigation 
of various measurements of the body and its component internal 
organs. The latter investigation was done in Summer and Autumn 
only, but I think it necessary to further extend the investigation 
through Winter and Spring, and carefolly study and compare their 
seasonal changes throughout the whole year. 1 believe the sex dif- 
ferences m animals of various zoological orders will be determined not 
only by the differences of their so-called secondary sexual characters 
and various measurements both external and internal, but also by 
their habits peculiar to each sex, and by n^iacroscopical, microscopical, 
and biometrical study of the viscera, skeleton, musd^, circulatory 
system, nervous systmn, etc. As a result of statistical observations 
on Rana and Hyla, Kahn (1900) came to the conclusion that the 
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expansible “Inscriptions elasticae’* are characterestic only of the 
male in the general adult frogs; while, F. A. E. Crew (1920), after 
his observation of the differences of poise in Rigor mortis, found 
that there are various sex differences, especially in their sexual season. 
If, in like manner, investigations were made on the subjects from 
various points of view, many unexpectedly interesting results would 
be obtained, though at present the researches generally followed are 
those of so-called secondary sexual characters. 

Now, in young immature newts, the secondary sexual characters 
arc not yet developed, but in the adult newt these characters are 
distinct, and especially in their sexual season these appear most distinct 
as is the case in other animals. These characters are well developed 
in Arthropoda, but, putting them aside for the present, I wish to 
remark a little on the five classes in Vertebrates. 

In Pisces, well developed secondary sexual characters are seen in 
Xyphophorus, Cynolebians, Misgumus, Duymaeria and Helichoeres, 
but in general, this character is less remarkable. J. T. Cunningham 
(1900) gives a long detailed list of species in the animal kingdom in 
which the dimorphism is present but give very few cases about Pisces. 
In Amphibia, few species of Urodela or Anura show development of 
seaindary sexual characters. The same is true with the cases in 
Reptilia. However, in Aves also in Mammalia we notice well developed 
secondary sexual characters in most species. 

An intimate relation between the secondary sexual characters 
and the hormones is believed to exist by numerous recent investiga- 
tors. Meisenheimer (1911) in Anura, and Aron (1924) in Urodela, 
found that the secondary sexual characters disappeared after the 
removal of the testis, and numerous interesting facts demonstrated by 
Steinach on the relation between the removal of primary sex glands 
and the secondary sexual characters arc too well known to be repeated 
here J. Oyama (1923) measured the sizes of various endocrine organs 
of the newt, though the weights were not determined. If the obser- 
vations were further extended to determine the relation between the 
secondary sexual characters and the size of the endycrine organs, it 
might add further important information to the physiology of these 
orgiuis, and at the same time throw some light on the true significance 
of the so-called secondary sexual characters. Oobdt (1925) found in 
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Xypliophorus HeJleri Heckel the successive development of the secondary 
sexual characters in association with the successive development of 
Testicular tissues- Ahon (1924) also found in five species of Urodda 
that the degree of development of secondary sexual characters is 
directly pm>portional to the increase of glandular tissue in the testis. 
It would be interesting to determine whether or not in Anura the 
secondary sexual character is better developed in the species which 
possesses the relatively larger and better grown endocrine organs. 

I wish to express my gratitude to Prof. S. Hatai, at whose sug- 
gestion this work was undertaken, for encouragement given throughout 
the entire course of the work. I also wish to thank Prof. S. Hozawa 
and Mr. K. Sasaki for much valuable advice. 
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On the Physiological Axial Gradients of 
Chaetopod Annelids. 

1. Types of Axial Gradients Examined by Onset 
Temperature of Heat Shortening.^) 

Bv 

Yisamu Watanabe. 

(With 34 Textfi({urfs) 


INTRODUCTION. 

In axiate organisms the activity of physiological functions or even 
the chemical composition of the body shows a graded variation along 
the body axis, that is to say, the existence of Child’s so-called 
Physiological Axial Gradients is evident as has been already clearly 
demonstrated in many species of organisms.”^ According to Child 
the physiological axial gradient is the simplest expression of a general 
organismic pattern, both in functions and structures, of the organism 
as a whole and therefore, the form of such gradients shown by 
organisms in natural or normal environmental conditions is specific 
and characteristic for each species of organisms. However such 
gradients are subject to change within certain limits under some 
artificial mechanical operations or chemical treatments, or they are 
transformed as the results of the necessary modifications of organismic 
pattern during the course of normal development."'^ 

Hence, the similarities, variations or other comparable relations, 
among these gradient forms in different organisms and especially in 
organisms systematically nearly related, whether they are of adult, or 
embryonal, or larval stages, might imply some important biological 

OA contribution of the Marine. Biological Station, Asamushi, Aomon-Kon. No. 51 
»>ChiU}’» book (1S24) Chapters VII. VIII, IX. X and literature (ited there 
»)ChuJ>’s boohs (1815 a, b. ISSfil; 1924), and a brief statement of the important 
conclnaions drown from his thoujibts and experiments is also described in his 
own epitom "Physiological Gradients” in ProUiplasma Bd V (1928) 
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significance, and therefore in the present series of investigations I 
attempted to search for such relations of physiological axial gradients 
in some common Japanese chaetopod annelids. 

Concerning the physiological axial gradients of chaetopods, the 
observations of L. H. Hyman and her collaborators' \ on the suscepti- 
bility to cyanides, oxygen consumption rate, electrical polarity and 
other physiological properties, indicated that the gradients of worms 
belonging to this group were either monopolar or bipolar, that is, the 
physiological activities were highest at the head region and decreased 
gradu 2 illy towards the tail region along the axis of the body, or were 
high at the head region and lowest at about the middle region, in- 
creasing again posteriorly The work of Hatai (1924) on the heat- 
shortening gradient and that of the content of water, and my previous 
work (1928) on the electrical polarity n the earthworm, Perichaeta 
{ = Pheretima) , also showed that the gradients of this worm were of 
bipolar form. 

However, all these works were based only on several oligochaetes 
and a few species of Nereis and others, so that it is premature to 
conclude that the typical annelid gradient is of monopolar or bipolar 
form alone, unless several other representative species of this group 
are examined. Last summer (1928) I had an opportunity to investigate 
the axial gradient of heat shortening in the lugworm, Arenicola cristata, 
and detected that the gradient of this worm was neither monopolar, 
nor bipolar, but that it formed a quite different shape from those of 
the above two ; the onset temperature of heat shortening was highest 
at about the middle part and decreased towards both extremities of 
the body along the anteroposterior axis, though the anal segments 
were again higher than the intervening part. Thus the gradient form 
resembles the sine-curve shown between 'angles of 0° and 360°. (See 
Chart 13). As the result of such an investigation I could not help 
subjecting that there were several types of gradients in annelids othw 
than the monopolar and bipolar types. 

Herewith, the present research was undertaken with the hc^Je of 
presenting the data obtained from examinations of heat shortening 


OHvman, L. H. (1916); MyuAN, L. H. and A. E. Gaugubr (1921); Hyman, L. H. 
and A. W. B^sixamy (1922). 
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concerning the axial gradients in groups of chaetopods covering different 
species, and of classifying them into some possible groups according 
to the difference in their gradient fm-ms. 

MATERIALS') AND METHODS. 

The following species have been employed in this experiments: 
Polychaetes, 

Nereidae (Lycoridae) 

(1) Nereis mictodonta Marenzeixer 
Aphroditidae 

(2) Polynoe vexillaria (Moor) 

(3) Polynoi' n. sp. ? 

Eunicidae 

(4) Marphysa iwamtishi IzuKA 
Nephthydidae 

(5) Nephthys caeca MOller 
Glyceridae 

(6) Glycera n. sp. ? 

Cirratulidae 

(7) Cirratulus dasylophius Marenzeller 
Terebellidae 

(8) Terebella sp. (T. debilts?) 

Chlorhamidae 

(9) Stylaroides plumosa Muller 
Arenicolidae 

(10) Arenicola cristata Stimpson 
Maldanidae 

(11) Praxillella n. sp.? 

SabeUidae 

(12) Patamilla myrops Marenzeller 
Eriographidae 

(13) Myxicola infundibulum Montague 
Oligochaetes, 

Tuhihcidae 


) Most of the polychaetes used here were identified by Dr A. Izoka and AlloMto- 
■phoro aalttftnota (Sav-X by Mr. S. SBKiourm. 
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(14) Branchiura sp. 

Perichaetidae 

(15) neretima comtnunissitna (Goto et Hatai) 

Lumbricidae 

(16) Allolobophora foetida (Savigny). 

(17) Allolobophora cahginosa (Savigny) 

These species, for the most part, were collected and examined at 
the Asamushi Marine Bblogical Station, Aomori-Ken, but some poly- 
chaetes collected from the coast of Seto-Uchi or Seto Inland Sea were 
examined at the Ocho Fish-Cultural Station of the Imperial Fishery 
Institute, Ocho-Mura, Osaki-Simojima Island, Hiroshima-Ken. 

The worms used as material were all of adult form and were as 
nearly the same in body length as possible, but in the cases of some 
species of which I could not collect easily enough worms to select 
freely those of proper length only, the body length of worms was 
somewhat diverse. And with strict attention, I selected the worms 
without any trace of regeneration and without even any injury, for 
the temperature of heat shortening, I supposed, varied with the degree 
of regeneration. Variations of gradients due to sexual difference were 
also tested in some species (Marphysa iwamusi and Arenicola cristata), 
but from the preliminary test it did not appear to affect conspicuously 
the present consideration, so that 1 did not try such detail examinations 
in each species. (See Charts 6, 13.) In most cases of large specimens 
the body wall alone, i. e., what contained chiefly integuments and 
muscular tissues, was used; but when the worms were too small or 
too fragile to make possible the separation of the body wall from the 
other parts of the body, entire pieces of the specimen including the 
alimentary canal and other internal organs were used. Even in such 
cases the result of the experiment seented to be quite, though not 
perfectly, reliable in regard to the present purpose, for most of the 
contractile or muscular tissues of chaetopods were represented by those 
in the body wall. A piece of body or body wall us^ Jn the examina- 
tion was cut into a strip of a convenient length along the longitudinal 
axis of the body. The length of the strips from the different parts 
of the worm body was as nearly as possible the same when they were 
tissues belonging to the same species of worm. 

C. W. Latimer (1898), H, M. Vernon (1899) and recently G. D. 
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Shafer (1928 a, b) showed that fatigued muscles shortened less and 
a lower onset temperature than normal muscles in heat shortening, 
and that completely fatigued muscles did not show heat shortening ; 
and Hatai (1924) also pointed out that to employ fresh and active 
specimens was essential to the precise determination of onset point of 
heat shortening on gradual heating, since older and less active speci- 
mens shortened too gradually to determine this point of onset with 
accuracy. In all cases of experiments, I took these indications into 
my consideration and supplied the material as freshly as possible. 

The method of measurement of the onset temperature of heat 
shortening was very simple and followed Hatai’s method (1922) with 
some slight modifications. By means of simple suspension method the 
shortening of a piece of tissue was made to trace on the slowly 
revolving drum of a kymograph on which, at the same time, the 
temperature was marked every one-tenth degree Centigrade on gradual 
heating by the observer with the electromagnet signal. The mercury 
bulb of the thermometer was placed very close to the piece examined 
and both were placed in the beaker which was filled with 100 cc. 
aqueous media and was gradually heated in a water bath. The beaker 
used as the bath vessel was ca. 500 cc. capacity and contained 350 cc. 
water in which the former smaller beaker was immersed until the 
surface of the liquid in the former was a little lower than that of 
the latter. 

According to W. KOhne (1864), the heat shortening will occur at 
different temperatures according as the tissues are rapidly subjected 
to the high temperature or gradually accustomed to it, and there is 
a reciprocal relation between the temperature and the time of its 
subjection, in that the greater the temperature is, the less time is 
needed to produce the heat shortening. Though it was all but im- 
possible for such a simple device as this to raise the temperature at 
an accurately constant rate and the following degree of ability of 
regulation was not, of course, completely satisfactory to me, by adjusting 
the burner of the alcohol lamp, I was able, except in the case of 
Branchiura, to keep the elevation of the temperature at the rate of 
55-66 seconds per degree C. between 30’ and 40°C. Branchiura was 
much affected by heat in rhythmic contraction of the body and became 
very brittle when it was exposed to high temperature for so long a 
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duration, so that in this case only, the worm was subjected to heat, 
elevating the temperature at the rate of 35-40 seconds per degree C. 

Loaded weight also affected the rate of shortening in tissues. But 
it was impossible to apply constantly the same weight to all species 
of worms, since the weight of a piece and* its power of shortening 
are dffierent in different species of worms. I have chosen the proper 
weigdit for every species, so as to exhibit the sudden contraction of 
tissues on gradual heating, but applied invanablly the Same weight to 
every piece of tissue so far as they belonged to the same species of 
worm. 

Solutions used as medii, in which the living isolated tissues were 
immersed, were a 3.3 per cent solution of pure sodium chloride and 
natural sea water for the marine polychnetes, and distilled water for 
the terrestrial oligochaetes. The osmotic pressure of 3.3 per cent 
solution of sodium chloride corresponds nearly to the concentration of 
the sea water off Asamushi, the salinity of which varies between 32.62 
and 33.78 at 15°C. through a year (1926) except m April and May 
(S. Hatai and S. Kokubo 1928) when the melting snow on mountains 
in this district causes temporarily a greater amount of river water to 
pour into the sea. The polychaetes for which natural sea water was 
used are as follows : 

Species Salinity at 15"C. Date 

Arenicola enstata ^ 33.2-33.8 Sept. 1929. 

Arenicola cristata 33.6-34.4 Sept. 1928. 

Cirratulus dasylophius 33.1-34.0 Oct. 1928. 

Polyrwe sp. 32J2-33.5 Nov. 1928. 

The eilHr polyt^aetes employed were hea te d is a par cent solution 
of sodium chloride. 

With the object of simplifying and keeping constdht the ertvirort- 
mental conditions of the experiment, I employed such simple media 
as described above. The pure solution of sodium chloride and distilled 
water, of course, are not desirable media, as is wejl.kno^, for the 
maintenance of tissues in the most lively state for a long time, but 
for a such short time as it takes for temperature to rise from ca. 25’ 
to 50*C. at the rate noted above, the injurious effect of these media 
should' be negligible. 

For the precies determination of the onset point of heat shortening 
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in the curve traced on the drum of the kimograph, firstly, I deter- 
mined the point of contact E on the traced curve with the line AB 
(see Figure 1) drawn parallel to the base line (in this case the line 
drawn by the temperature marking lever) CD. 





Next, a line was drawn through the point G, at which the line 
AB and the arc KGM intersected each other, and another point H, 
which was marked on the line of tempemture recorded, when the 
kymograph was stopped. The arc KGM was part of the circle drawn 
by the shortening-curve tracing lever at the place, K, where the 
kymograph was stopped. Lastly a line was drawn through the point 
E and parallel to the line GH, and we found that the onset tempera- 
ture corresponded to the point of sudden change of direction on the 
traced curve, at the crossing point F between the newly drawn line 
and the line of temperature recorded. 

EXPKRIMENTAI. RESULTS 
(1) Nereis mictodonta Marenzeller 

The worms were collected from the muddy coast of the village 
of Ocho, Osaki-Simojima Island in Seto-Uchi in late winter (Feburuary) 
1929. The specimens were divided into eight equal divisions together 
with the internal organs contained and each division was designated 
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A, B, C, etc. respectively according to the order of passing from head 
to tail end. The worms employed were 7.2 to 10.5 cm. in body length. 


Table 


1 .’^ 


Worms 

/ 

B 

C 


E 

F 

G 

H 

9 

44,. 6 

44. S 

46.6 

46.6 

47.4 

47,2 

46.6 

46.9 

7 

44.6 

44.7 

46.6 

46.6 

46.2 

46.8 

46.2 

46.0 

16 

44.9 

46.1 

44.7 

46.4 

46.4 

47.2 

46,6 

46.2 

8 

46.3 

46.1 

47.7 

47.4 

47.8 

47.8 

47.6 

46.8 

14 

46.6 

46.1 

46.7 

46.0 

46.6 

46.8 

47.2 

47.0 

13 

46.6 

46.2 

46.2 

46.7 

46.4 

47.1 

47.8 

47.2 

3 

46,9 

46.7 

46. R 

47.0 

47.8 

48.0 

47.8 

47.2 

6 

46.0 

46.6 

46.4 

46.8 

46.6 

46.7 

46.8 

46,7 

11 

46.0 

46.1 1 

47.1 

47.2 

1 47.0 

46.7 

46.7 

46.6 

2 

! 46.2 

46.8 

46.6 

46.4 

i 46.2 

46.6 

46.8 

46.4 

12 

46.4 

46.3 1 

i 46.6 

46.6 

! 46.6 

46.6 

46.8 

46.6 

10 

46.7 

45.4 

i 47.1 

, 46.9 

! 46.9 

i 47. .3 

47.6 

47,4 

5 

1 46., <) 

1 47.2 

i 47.. n 

i 46.1 

; 47,6 

1 47.6 

47.4 

47,6 

4 

; 46.4 

! 46.2 ; 

46.4 

' 46.7 

1 47.0 

' 46.9 

46.6 

47.0 

1 

1 40.4 

1 46.4 1 

46.3 

1 46.4 

{ 46.8 

47,0 

47.2 

47.1 

Average 

1 46.6 

46.8 

46.4 

LiiL 

j 46.8 

1 47.0 

47.0 

46.8 


As Table 1 .shows, the onset temperature of heat shortening in 
Nereis mictodonta increases anteroposteriorly and reaches the maximum 
at the posterior divisions F and G, but again decreases in the caudal 
end H. (See Chart 2.) 

(2) Polynoe vexillaria (Moor) 

The worms were collected from the bottom of about fifteen fathoms 
off Yunoshima Islet, near Asamushi, in early summer (June) 1929. 
The worms employed were 3.3 to 4.0 cm. in body length. The spe- 
cimens were divided into six equal divisions of both dorsal and ventral 
sides of the body wall The heat-shortening gradient in PolynoS 
vexillana i.s very similar to that of Neries mictodonta. (See Chart 3.) 

'> Figures given in Tables 1-21 iiitiKate the heat-shortening temperature*, in degrees 

Centigrade. 





PHYSlOLOCaCAI. AXIAL GRADIENTS OF CHAETOPOD ANNELIDS I 161 


Table 2 a. 
Dorssal Side. 


.I?. 7 
38.3 
38.6 

38.0 

38.2 


38.3 

.38.6 


.37.0 

38.2 


38.5 
.38.7 

30.6 

I 

.38.3 
38.8 ! 30.0 


37.6 

38.2 

38.8 


Table 2 b. 
Ventral Side. 


No*, of 1 
Worm* 1 


« 1 

C 

D 

E 

F 

* i 

37.6 

.38.7 i 

30.0 

38.8 

.38.8 

.38.6 

.3 I 

38.6 

38.8 

SO.O 

.30.4 

.39.4 

.30.2 

2 i 

37.7 

38.7 ' 

.38.6 

.30.3 

30.6 

38.0 

1 1 

88.1 ' 

37.8 j 

38.6 

30.2 

.30.6 

.30.1 

Avorage | 

.38.0 j 

.38.4 j 

38.8 1 

.30.2 

30.4 

.38.0 


Table 2 c. 

Average of Dorsal and Ventral. 


Body 

A 

B 

C 

D 

E 

F 

Dona] 

38.2 

38.2 

38.8 

30.0 

.38.6 

.38.2 

Ventral 

38.0 

.38.4 

.38.8 

30.2 

39.4 

.38.9 

Average 

38.1 

.38.3 

' 

38.8 i 

39.1 

39.0 

38.66 
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(3) Polynoe sp. 

The worms were collected from the rocky shore of Tsuchiya, 
near Asamushi, in late autumn (November) 1928. These specimens 
were very small, only 1.3 to 1.9 cm. in body length, so I could divide 
into but four equal divisions, with internal organs included. 

Table 3. 


Nos. of 

A 

B 

C 

D 

3 

42.8 

44.0 

44.0 

46.6 

n 

43.1 

43.6 

46.4 

46.4 

16 

4.3.1 

44.2 

44.8 

46.6 

11 

43.6 

43.8 

44.6 

46.4 

1 

43.0 

44.8 

44.4 

44.4 

10 

44.1 

46.0 

46.0 

46..'} 

14 

44.2 

46.0 

46.0 

46.0 

4 

44.3 

44 6 

44.6 

44.6 

6 

43.3 

42.8 

44.0 

44.7 

8 

43.8 

44.8 1 

46.4 

46.2 

13 

44.0 

43.8 1 

44.2 

46.1 

7 

44. U 

43.8 ! 

44.3 

46.2 

12 

44.3 

44.1 ; 

44.4 

46.0 

5 

44.7 

44.2 

44.6 

44.0 

0 

46.7 

46.6 

46.6 

46.2 


43.9 

44.2 

44.8 

46.3 


From the data given in Table 3, we find that roost specimens 
showed a gradient which is a most simple gradation sloped down 
anteriorly. (See Chart 4.) As this gradient form was gained from 
only four divisions, the gradient form of this species might have 
resembled that of the former species^ Polynoe vexiUaria, if it had 
been possible to divide the worm into six or eight pieces and each 
piece had been tested separately. The fact that among fifteen tests 
three cases showed the onset temperature higher tat division C than 
at D, while in two others that of division C was equal to that of 
division D, seems to indicate the possibility of a gradient form which 
is similar to that of Polyoi vextUaria. 

(4) Marphysa itoamusi IzUKA 

The specimens were collected from the muddy coast of Iwashi-Jima« 
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near the harbor of Onomichi, Hiroshima Ken, in early spring (March) 
1929. The worms examined were all of mature form, clearly having 
their reproductive products, eggs or sperms, and were 28 to 35 cm. 
in body length. First, 1 tried to test the sixteen divisions of equal 
length of both the dorsal and ventral sides of the body, thus making 
altogether thirty-two divisions, but it required too long a time to 
complete the tests over all these pieces separately and it was very 
difhcult to gain satisfactory, fair results of sudden shortening from so 
many pieces without any one failure. Moreover, in this case, as 
Chart 1 shows, it seemed to give the same form of curve whether 
we examined all sixteen divisions or eight divisions, which were equally 
divided from the whole body along its axis on both ventral and dorsal 
sides. 



Chart 1. Heat-ihortening Gradients «f Marphysa iwamusi, showing 
nearly the same results obtained from two different observations, in the 
one of whU'h the worm was divided into eight equal divisions (Dorsal 
No. 1) and in the other the worm was divided into sixteen equal divisions 
(Extra No. 3. Dorsal). 

Therefore, I selected the latter method, dividing the worm into 
eight equal divisions as mentioned above, and the data given by such 
exatninations were as follows: 
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Table 4 a. Dorsal Side. 


Nos. of 
Worms 

Sex 

A 

B 

C 

D 

E 

F 

G 

H 

I 


41.6 

42.6 

42.6 

42.8 

4S.e 

43.6 

43.4 

4S.0 

2 

+ 

42.0 

42.7 

42.7 

42.6 

42.6 

42.6 

42.4 

40.9 

4 


42.7 

43.0 

43.1 

43.4 

43.6 

43.2 

43.1 

42.9 


t 

42.8 

42.8 

42.8 

43.9 

43.6 

43.3 

42.9 

42.7 

9 

4- 

41.2 

42.0 

42.1 

42.1 

43.0 

42.6 

43.2 

42.3 

6 

t 

42.0 

42.6 

42.6 

42.8 

42.6 

42.8 

42.6 

42.6 

.3 

4 

42.6 

42.7 

43.1 

42.9 

42.2 

42.9 

42.2 

42.2 

a 

t 

41.2 

41.3 

41.7 

41.9 

42.0 

42.0 

42.1 

42.3 

10 

4- 

41.6 

42.0 

42.8 

43.0 ] 

42.6 

48.6 

42.2 

42.6 

r> 

4- 

41.6 

42.3 

42.2 

42.7 

43.1 

43.1 

|_42.6 

42.9 

AveraRe 

41.0 

42.4 

42.6 

42.8 

42.9 

43.0 

42.7 

42.4 


Table 4 b. Ventral Side. 


Nos of 
Worms 

Sex 

A 

n 


D 

E 

F 

G 

H 

6 

t 

40.8 

41.0 

42.0 

42.4 

42.6 

42.4 

42.0 

42.0 

4 

t 

40.9 

41.3 

41.7 

42.0 

42.0 

42.3 

42.0 

41.9 

9 

t 

41.9 

42.1 

42.3 

42.3 

43.4 

43.6 

42.9 

42,7 

6 

t 

41.6 

41,6 

42.9 

43,7 

43.8 

43,1 

48.3 

42.3 

1 

t 

42.6 

42.6 

42.7 

42.4 

42.8 

43.2 

43.1 

43.0 

7 

4 - 

41.6 

41.3 

41.8 j 

42.0 

43.0 

42.7 

41.7 

42.1 

3 

4 - 

41.6 

41.7 

41,0 ! 

41.6 

42.6 

43.1 

43.6 

42.9 

8 

4 - 

42.2 

41.6 

42.6 

42.6 

42.9 

43.2 

43.2 

43.2 

10 


42.2 

42.2 1 

42.1 

42.3 

42.6 

43.0 

42.2 

43.2 

2 

4 - 

43.1 

42.6 

42.6 

42.7 

42.9 

43.0 

42.8 

42.0 

Averase 

41.8 

41.8 

42.2 

42.4 

42.9 

43.0 

42.7 

42.6 


Table 4 c. Avet-age Values. 


Cases 

A 

B 

c 

D 

E 

F 

G 

H 

Dorsal 

Average 

41.6 

42.4 

42.6 

42.8 

42.9 

43.0 

42.7 1 

42.4 

Ventral 

Average 

41.8 

41.8 

42.2 

42.4 

42.9 

43.0 

42.7 

42.6 

Male 

Average 

41.8 

42.1 

42.4 

42.8 

48.0 

42.9 

42.7 

42.6 

Femidc 

Average 

42.0 

42.1 

42.8 

42.6 

42.0 

48.0 

42.6 

42.6 

pSHI 

41.86 

42.1 

42.4 

42.6 

42.0 

48.0 

42.7 

42.8 
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As the above data show, there are no clear distinctions in the 
form of the heat-shortening gradient between male and female worms 
or between the dorsal and the ventral sides of the body. (See Charts 
5 and 6.) In gradient form, based on the average values of all tests, 
the onset temperature is highest at division F, and decreases towards 
both extremities of the body. 

I have also observed the heat-shortening gradient of the same 
species of worms collected from the rocky shore of Tsuchiya, near 
Asamushi, in late autumn (November) 1928. In this ca.se I tested 
them in natural sea water, of which the salinity was 30.7 to 32.7 at 
15“C. 


Table 5 a. 
Dorsal Side. 


Nos of 
Worms 

A 

B 

C 

D 

E 

F 

C 

U 

3 

4e.2 

46.7 

46.0 

46.6 

47.0 

46.8 

46.8 

46.3 

3 

4S.4 

46.2 

46.6 

46.1 

46.4 

48.0 

46.4 

46.7 

1 

46.6 

46.6 

46.6 

46.0 

46.0 

46.7 

46.0 

1 ] 

46.3 

Average 

46.4 

46.8 

46.0 

46.2 

46.6 


46. 7 

46.4 


Table 5 b. 
Ventral Side. 


Nos. of 
Worms 

A 

B 

C 

D 

E 

F 

C 

H 

1 

2 

44.8 

46.1 

46.4 

46.0 

46.4 

46.3 

46.2 

46.2 

46.0 

46.2 

46.8 

46.4 

48.0 

47.2 

46. t 

46.0 

Average 

46.0 

46. 2 j 

46.4 

46.7 

46.1 ,j 

46.6 

47.6 

46.1 
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Table 5 c. 


Average of Dorsal and Ventral. 


Side of 
Body 

A 

B 

C 

n 

E 

F 

G 

H 

Dorsal 

46.4 

46 8 

46.0 

46.2 

46.6 

47.2 

46.7 

46.4 

Ventral 

4.6.0 

' 46.2 

i 

4.6.4 

46.7 

46.1 

1 46.6 

47.6 

46.1 

Total 

Average 

46.2 

46 6 

46.7 

46.06 

46. .S 

46.9 

1 47.16 

46.26 


As the above tables show, the gradient form, based on the onset 
temperature of heat-shortening of the worms from Tsuchiya (Asa- 
mushi) resembles fairly closely that of the worms from Onomichi, 
though each part of the former specimens is higher in the onset 
temperature than the corresponding part of the latter. (See Chart 7.) 

(5) Nephthys caeca Muller 

These specimens were collected from the sandy coast of a small 
fishing village, Moura, neai Asamushi, in early summer (June) 1929. 
The worms used were 9.0 to 13.3 cm. in body length, and the worms 
were divided into eight equal divisions. As the contractile power of 
the body wall tissue is very poor though it is thick and relatively 
elastic, the rings of the body wall, without internal organs, were 
employed. 


Table 6. 


No». of 

A 

B 

C 

D 

£ 

F 


H 

0 

37.6 

38.0 

38.4 

.37.2 

87.2 

.37.6 

88.0 

S9.1 

2 

38. 0 

.39.2 

40.1 

SO.l 

.38.8 

37.6 

.38.1 

38.4 

6 

.38.2 

40.2 

.39.8 

39.4 

.37.6 

.37.3 

37.7 

.38.3 

6 

.38.3 

.38.9 

.38.9 

39.1 

88.4 

38.6 

39.4 * 

39.6 

8 

.38.4 , 

,39.. 3 

39.1 

.38.7 

88,6 , 

38.3 

89.0 

89.6 

10 

38.2 

39.2 

.39,8 

38.6 

.38.4 

-.38.8 

, 88.3 

38.9 

7 

38.3 

.39.6 

89.7 

39.0 

37.6 

87.7 

.37.8 

37.8 

1 

88.0 

38.0 

40.4 

39.4 

80.0 

.39.7 

40.2 

40.0 

4 

38.9 

38,7 

39.0 

87.9 

87.7 

37,2 

.37.6 

87.2 

3 

38,9 

88.7 

39.0 

88.3 

37,9 

37.2 1 

37,6 

87,1 

Average 

88.3 

89.0 

39.4 

.38.7 

38.8 

38.0 

88.4 

88.6 
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The gradient form of heat-shortening in this species is very similar 
to that of Arenicola criatata mentioned above. (See Chart 8.) 

(6) Glycera sp. 

The specimens were collected from the muddy coast in front of 
the Ocho Fish-Cultural Station of Ocho-Mura, Osaki-Simojima Island 
in late winter (Feburary) 1929. The worms were 9.5 to 15.0 cm. in 
body length. Each worm was divided into eight equal parts and was 
tested without internal organs, as mentioned in the case of Nephthys 


Table 7. 


^>s of 

A 

B 1 

C 

D 

£ 

F 


H 

6 

40.7 

40.7 

41,2 

40.8 

40.6 1 

40.7 

40,7 1 

40.8 

l.T i 

1 41.6 

41.8 j 

42.0 

41.9 

41,8 

42.2 

42.2 

42.2 

12 

1 42.0 

42.2 1 

42,5 

42.6 

42.5 

42.6 

42.8 

43.0 

7 

42.0 

42. .8 

42.6 

42.8 

41.8 

41.7 

42.6 1 

42.6 

tt ' 

41.1 

40.0 

41.1 

41.3 

40. :t 

41.0 

41.0 

41.3 

14 

41.7 

41.6 

42.6 

42.1 

42.1 

42.6 

42.6 ! 

42.8 

ft 

42.0 

42.4 

42.6 1 

41.8 

42.2 

42 6 

43.0 

42.4 

1 

42.1 

41.8 

i 42.0 

42.3 

42.6 

42.1 

42, .3 

43.4 

15 

42.1 

42.:{ 

41.0 

42,4 

41,0 

41.. 8 

41.8 

42.0 

8 i 

42.2 

42.3 

42.2 1 

42.4 

41.4 

42.0 

42.2 

42.6 

2 i 

40, « 

40.4 

i 40.5 

40.6 

40.2 

40.6 

40.8 

40,6 

11 

41.2 

41.1 

41.0 

41.4 

41.6 

41.2 

41.0 

41.6 

^ 1 

41.8 

41.0 

41.3 

43.0 

41.7 

41.6 

40.6 

42.2 

.T 1 

41.8 

42.6 

1 42.6 

42.7 

42.0 

42.4 

42.3 

42..'! 

i 

42.2 

41.8 

41.0 

42.4 

41.6 

42.1 

43.4 

42.0 

.Average j 

41.7 

41.7 

41.0 

42,0 j 

41.6 

41.8 

41.9 

42.1 


The gradient form of Glycera sp. is similar to that of Nephthys 
caeca though the maximum height of the curve is a little lower than 
that of the latter. (See Chart 9.) 

(7) Cirratuliu dasylophius Makenzeu^er 

The wornui were collected from the coast of Moura, near Asamushi, 
in mid-autumn (October) 1928. The specimens were divided into eight 
equal divisions together with internal organs. The body length ranged 
from 7,0 to 8Jcm. 

The gradient form of heaf-shortening in this worm is in general 
similar to those of the above two species, with the exception of a 
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Table 8. 


Worm! 

A 

B 

C 

D 


F 

G 

H 

16 

46.4 

47.2 

47.4 

48.2 

49.0 

46.2 

47.9 

48.1 

4 

47.0 

48.7 

49.0 

47.4 

46. e 

47.0 

49.1 

40.2 

10 

47.8 

48.6 

48.6 

48.5 

48.S 

47.0 

48.8 

49.0 

14 

46.3 

48.0 

47.0 

48 .3 

47.9 

48.4 

48.4 

48.8 

2 

47.0 

46 9 

47.7 

42.8 

44.8 

44.6 

48.6 

48.7 

11 

47.4 

47.6 

■17.1 

46.9 

46.4 

48.8 

47.0 

48.S 

.S 

47.6 

46.9 

47.1 

47.0 

46.2 

48.. 3 

48.3 

48.7 

6 

47.6 

48.7 

48.8 

48.6 

48.6 

48.2 

49.2 

40.3 

7 

47.8 

46.7 

47.6 

46.7 

47.4 

47.4 

49.0 

48.8 

12 

47.8 

48,2 

47.9 

47.8 

46.0 

48.3 

48.2 

40.2 

l.T 

48.. 3 

47.6 

47.3 1 

46.6 

46.6 

48.2 

48.6 

48.6 

8 

46.9 

47.9 

47.8 i 

47.2 1 

49..8 

49.2 

48.0 

48.6 

1 

47.4 

46.6 ! 

47 2 i 

■16.2 I 

47.7 

44.6 

48.8 i 

49.4 

6 

47.6 

48.6 1 

47.8 1 

48.1 , 

46.8 

47.1 

48.4 j 

48.3 

9 

47.8 

47. ,3 1 

48.0 ! 

46.8 ! 

47.9 

47.1 

48.6 1 

48.7 

Aver«K<' 

47.4 

47.7 1 

47.7 j 

47.0 j 

47.1 

47.0 j 

48.6 j 

48.7 


sudden greater rise of the curve at posterior region. (See Chart 10.) 

(8) Terebella sp. (T. debilis?) 

These ^ecimens were collected from the muddy bottom of about 
fifteen fathoms off Yunoshima Islet, near Asamushi, in late spring 
(May) and mid summer (July) 1929. The worms employed were 7.0 
to 8.0 cm. in body length. The body of Terebella sp. is divisible into 
two parts with its external morphological features; the anterior half 
contains three segments of gill-bearing parts and, following, sixteen 
segments which have characteristic so-called “ shields ” thickend by 
the glandular tissues; the other half contains the posterior segments. 
The former was divided into four equal parts and the latter was 
divided into five equal parts. 

I tested twenty spring worms and ten summer worms. The gra- 
dient form of Terebella sp. is also like those of the above three 
species. (See Chart 11.) ■ 

As the foregoing data show, Terebella sp. sets in heat shortening 
at a very low temperature (about 29° to 33°C.). J. Frenzel (1885) 
also detected such a low maximal temparature-iimit of life (27° to 30°) 
in Terebella. Besides fhis species, Myxioola. infundibulum also shows 
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a lower onset temperature than the other polychaetes. (See Table 14,). 
1 shall show them in the following figures. 



Figure 2. Heat-Shortening Curre of TerebeUa «p. fAntcrior Part) 



Figure 3 Heut-Shortenmg Cruve of Myxicola infundibulum (Middle Part). 


The onset temperature of heat-shortening of Terebella sp. is a little 
higher in summer worms than in spring worms as shown in Table 9 e. 

Table 9 a. 


Dorsal Side (in Spring Worms). 
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Table 9 b. 


Ventral Side (in Spring Worms). 


Wos. of 
Worm* j 


B 

1 

c 

D 

^ i 

F 

G 

H 

I 

8 

28.8 

S0.6 

.32.6 

.32.1 1 

31.9 1 

'so. 3 

31. 3 j 

.32.0 

32.0 

4 

SO.O 

30.8 

30.9 

.31.6 

32.2 

31.4 

30.7 ! 

30.7 

81.6 

' 1 

S0.6 

30.6 

.30.9 

.30.9 

31.6 

31. 1 

30.6 

30.9 

31.3 

1 

27.0 

28.1 

29.2 

29.1 

29.6 

29.0 

^.8 j 

29,2 

29.6 

2 

29.0 

30.1 

1 .31.1 

31.4 

31.0 

28.7 

29.1 

29.6 

1 29.2 

h 

29.6 

.31.1 . 

.31.8 

30.7 

.32.1 

.30.6 

28.6 

29.1 

31.3 

10 

32.6 

33.0 

32.2 

32.9 

31.9 

31.2 

31.7 

32.6 

.3.3.2 

7 

29.9 

.31.3 

.30.6 

.31.6 

32.0 

31.7 

31.8 

31.4 

.31.6 

0 

SO.O 

.30.6 

31.4 1 

30.5 

32.4 1 

31.2 

81.3 j 

.31.0 

.31.6 

S 

30.1 

29.4 

29.2 

.30.2 

30.9 1 

29.3 

28.8 ; 

29.6 j 

.30.6 

Average 1 

29.7 

80.6 

31.0 j 

31.1 

31.6 j 

30,6 

30.3 

30.4 

31,2 


Table 9 c. 

Dorsal Side (in Summer Worms). 


^>». of 

A 

B 

[ 

C 

D 

E 

F 

G 

! 

! 

I 

12 

.32.2 

.38.0 1 

83.6 

.^3.8 

.33.8 

.32.6 

.32.6 

32.2 1 

.32.4 

1.3 

.32.4 

.32.4 

1 .3.3.6 

3,3.7 

.33.9 

.33.7 

.32.7 

32,6 j 

32.8 

16 

,32.0 

.32.1 

.32.9 

32.2 

.3.3.0 

.32.7 

32.0 

-32.3 

,32.8 

11 

.30.8 

,31.7 

.31.6 

33 6 

,^3.6 

.32.. 3 

.31.7 

32.7 

.32.2 

14 

.32.2 

31.4 

.31.0 

.31.1 

31.6 i 

31.4 

30.8 

30.3 

30.8 

Average | 

31.9 

32.0 

.32.6 

.32.9 

3.3.1 1 

82.6 ! 

31.9 

32.1 

.32.1 


Table 9 d. 

Ventral Side (in Summer Worms). 


No*, of 
Worm* 

A 

B 

C 

D 

E 

F 

G 

H 

/ 

14 

29.8 

80.1 

80.S 

.32.1 

34.2 , 

.32.1 

32.2 

32,6 

82.8 

16 

30.2 

81.4 

S2.1 

31,6 

81.9 

.31.4 

31.8 

' 81.9 

81.9 

12 

32.2 

38.4 

S2.0 

88,7 

34.7 

84.3 

32.8 

32.6 

38.8 

11 

32.3 

82.1 

82.7 

82.8 

82.4 

82.6 

32.4 

82.6 

82.7 

13 

32.4 

.32.4 

32.6 

31.2 

82.0 

82.4 

81.6 

SfS.O 

,32.7 

Average 

31.4 

31.9 

S1.9 

32.6 

83.0 

82.6 j 

"81.9 

82.8 

32.7 
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Table 9 e. 


Average Values. 


Cases 

A 

B 

C 

U 

E 

F 

G 

H 

/ 

Dorsal 

AveraRp 

31.0 

31.. 3 


.31.9 

.32.2 

.31.4 

80.9 

.31.0 

.31.. 3 

Ventral 

AveraRp 

SO..*! 

31.0 

31.3 

.31.6 

.32.0 

31.1 

30.8 

.31.2 

31.7 

Sprins 

Worms 

AveraRP 

.30.1.') 

30.76 

31 .16 

.31.26 

.317 

30.7 

.30.36 

.30.46 

.31.06 

•Summer 

Averaffp 

31.fi6 

.31 06 

32.2 

.32.06 

1:21.16 

i 

.32.6 

.31.9 

.32.2 

32.4 

Average of 
Spring 
Worjn.s and 
Summer 

30. n 

.31.. 36 

3I.6.S 

.32 0 

1 ** 

... 

.31.1.3 

.31 .,3.3 

,31.7.3 


(9) Stylaroidcs plumosa Muller 

The specimens were collected from the muddy bottom of about 
fiftt>€n fathoms off Yunoshima Islet, near Asamushi, in early summer 
(June) 1929. The worms employed were 3.0 to 3.7 cm. m body length, 
and were divided into six equal divisions. The heat shortening gra- 
dient in Stylaroidcs plumosa resembles the sine-curve. (Sec Chart 12.) 

Table 10 a. 


Dorsal Side. 
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Table 10 b. 
Ventral Side. 


No< of 
Worms 

A 

B 

C 

D 

E 

F 

1 

S«.6 

.18.6 

.19.6 

39.4 

.18.1 

.18.3 

5 

38.6 

39.1 

S9.4 

39.2 

38.6 

.18.9 

12 

88.6 

39.2 


.18.6 

39.0 

.19.3 

2 

38.8 

.10.2 


.19.0 

37.8 

.18.1 

16 

39.1 

.19.6 

40.0 

.19.0 

38.3 

38.7 

.S 

.19.4 

.19.6 

.19.6 

39.2 

.19.4 

39.6 

4 

39.4 

40.0 

40.6 

.19.8 

38.9 

89.8 

7 

39.5 

39.6 

40.4 

.10.4 

38.4 

88.9 

1.3 

.19.5 

40.4 

40.0 

.18.9 

88.2 1 

38.9 

10 

.19.8 

40.4 

.19.4 

.19.2 

.19.6 ! 

.19.6 

11 

40.0 

40.0 

40. ,1 

.18.6 

87.8 

.18.6 

14 

39.0 

39.7 

.18.4 

.17.5 

.18.0 

37.9 

e 

39.7 

40.1 

.18.7 

.19.4 

38.4 

.18.6 

0 

40.0 

39.9 

40.2 

39.6 

.18.6 

39.9 

8 

1 40,3 

40.7 

.17.7 

1 .18.0 

.19.6 

... 

40.0 

Avonige 

.19.2 

.19.7 

39.6 

39.0 

38.6 

39.0 


Table 10 c. 

Average of Dorsal and Ventral. 


Side of 
Body 

A 


C 

D 

1 E 

F 

Dorsal 

38.9 

.19.9 

.19.6 

39.1 

.18.6 

39.4 

Ventral 

39.2 

.19.7 

39.6 

S9.0 

38.6 

39.0 

Average 

39.C6 

39.8 

39.6 

.19.06 

38.6 

39.2 


(10) Arenicola cristata Stimpson 

The worms were collected from the sandy coast of Moura, a small 
fishing village, and that of Urashima, a small bay by the village of 
Nonai, near Asamushi, in early autumn (September) 1928 and 1929. 
The worms were 8,0 to 915 cm. in body length. The body of Arenicola 
cristata may be divisible into three different parts morphologically ; the 
anterior part bearing parapodia but no gills, the middle part bearing 
both parapodia and gills, and the posterior part bearing neither para- 
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podia nor gills. The anterior part was divided into two divisions 
designated A and B; division A contained segments I-IV, division B, 
segments V-VII. The middle part was divided into three divisions 
C, D and E; C contained segments VIII-XI, D, segments XII-XIV, 
E, segments XV-XVIII. The posterior part was divided into two equal 
divisions F and G. The dorsal body wall alone was examined here. 


Table 11 a. 

Male Worms. 


of 

— 

A 

B 

C 

— 

D 

E 

F 

C 

2 

43.1 

44.6 

44.7 

46.9 

44.6 

42.8 

43.2 

1 

4.3.6 

44.4 

44.7 

46.4 

44.6 

41.8 

43.1 

9 

43.6 

44.2 

44 3 

46.7 

46.8 

42.3 

43.7 

8 

43.6 

46.6 

46.6 

46.8 

4.8.8 

48.6 

43.0 

10 

44.0 

46.1 

46.8 

46.0 

46.0 

43.1 

44.2 

6 

44.2 

44.6 

46.0 

46.7 

44.2 

42.0 

44.9 

3 

44.2 

44.7 

44.9 

45.8 : 

44.7 

42.8 

43.1 

4 

44.6 

44.6 

46.1 

45.0 

44.6 

4.3.0 

44.8 

6 

44.7 

44.0 

46.0 

46.0 ' 

46.2 

4.3.2 

44.6 

7 

44.1 

46.1 

46.3 

46.6 

46.0 

44 6 

43.6 

Average ^ 

44.0 

1 44.8 

1 46.1 ! 

46.6 

46.0 

48.0 

48.9 


Table 11 b. 
Female Worms. 


Noi. of 

A 

B 

C 

D 

E 

F 

G 

2 

42.6 

44.2 

44.2 

46.1 

44.7 

48 1 

43.9 

7 

43.0 

44.6 

44.8 

46.5 

44.6 

42.6 

43.3 

6 

43.3 

43.8 

44.6 

46.2 

45.6 

42.8 

43.7 

8 

48.4 

44.4 

46.4 

46.6 

44.6 

43.0 

43.7 

1 

... 4S.4 

44.6 

44.0 

44.7 

44.2 

42.9 

43.1 

10 

48. 6 

44.2 

46.4 

46.6 

44.8 

43.2 

43.8 

8 

44.0 

44.3 

46.3 

46.6 

46.4 

44.1 

43.4 

9 

44.4 

44.6 

45.1 

46.7 

46.4 

42.7 

43.9 

4 

4B.S 

46.3 

46.0 

46.8 ; 

44.6 

43.0 

43.8 

5 

44.4 

46.0 

■ 46.3 

46.8 

44.6 1 

44.4 

44.4 

Average | 

48.6 

44.5 

46.0 

46.4 1 

44.8 1 

43.2 

43.6 
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Table 11 c. 

Average of Male and Female. 


Sex 

A 



D 

77 ^ 

F 

G 

Male 

44 0 

44.S 


46.fi 

46.0 

4.1.0 

4.1.0 

Female 

4.1.6 

44.6 

' 45.0 . 

45.4 

44. S 

4.1.2 

- -! 

4.1.6 

Averag 

4.1.76 

[ 44. f6 

1 46.06 1 

1 [ 

46.6 

44.0 

4.1.1 

43.7 


The form of heat-shortening gradient in this species has already 
been described in the introduction of this paper. (See Chart 13.) 

(11) Praxillella sp. 

The worms were collected from the muddy coast of Iwashi-Jima 
Island, near the harbor of Onomichi in early spring (March) 1929. 
The worms were divided into six divisions; the first division, A, con- 
tained the anterior first four segments (I-IV) ; the second division, B, 
the following three .segments (V-VII) ; the third division, C, three 
segments (VIII-X) ; the fourth division, D, three segments (XI-XIII) ; 
the fifth division, E, four segments (XIV-XVII) , and the last division, 
F, four segments (XVIII-XXI). The worms employed were 7.0 to 
9.0 cm. in body length. (See Chart 14.) 


Table 12. 


No*, of 
Worms 

A 

B 


D 

E 

F 

8 

S8.7 

89.3 

30. .1 

.19.6 

30.8 

39.3 

S 

30.2 

.10.4 

40.4 ' 

40.3 

39.0 

40.4 

4 

.19.2 

40.0 

40.2 ! 

40.2 

40.2 

89.9 

1 

.10.2 

40.4 

40.4 

89.7 

89.7 

80.8 

2 

80.3 

39.7 

89.8 i 

39.3 

30.3 

89.6 

6 

89.4 

89,6 

89.8 

40.1 

. 39.0. 

30.0 

10 

89.4 

39.8 

40.2 

40.4 

40.1 

40.0 

6 

80.6 

.19.6 

40.1 

40.8 

40.0 

40.0 

7 

30.7 

40.6 

40.3 

40.4 

40.3 

40.0 

9 

80.8 

40.2 

40.0 

40.1 

40.2 

40.0 

Average 

39.4 

39.8 

40.8 

40.0 

39.8 

89.8 
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(12) Poiatmlla myriops Marenzbixer 

The worms were collected from the muddy bottom of about fifteen 
fathoms off Yunoshima Islet together with common bivalves Modiolus 
in early summer (June) 1929. The worms were 3.2 to 5.5 cm. in 
body length. They were rather small considering that they are all 
of complete adult form. 


Table 13 a. 
Dorsal Side. 


Not of 

A 

B 




F 

G 

H 

6 

80.2 

.88.9 

.88.9 

.88.3 

38.3 

38.8 

.89.6 

40.0 

7 

.89.4 

38.6 

38.4 

38.4 

.89.0 

39.1 

.89.9 

40.6 

14 

.89.(1 

.89.5 

88.5 

.87.7 

.87.7 

.88.7 

39.1 

.89.6 

11 

40.1 

.89.7 

.89.7 

.88.7 

.89.6 

.89.7 

89.9 

40.6 

0 

40.2 

40.2 

39.7 

88.7 

.89.6 

.89.7 

39.9 

40.6 

1 

40.4 

39,6 

89.5 

88.4 

.88.6 

.89.5 

89.7 

39.8 

15 

40.5 

.89.5 

.89.1 

88.0 

38.2 

.88.7 

40.0 

40.5 

S 

S9.(l 

39.0 1 

89.1 

.88.9 ; 

.88.3 

40.0 

40.2 

41.2 

6 

39.6 1 

40..8 

.88.8 

89.3 

.89.6 

39.5 

39.6 

40.6 


39.9 1 

39.7 ) 

.88.7 

38.7 ! 

.88.5 ! 

38.8 

38.7 

1 .89.4 

12 

41.0 ! 

41.6 ! 

39.9 

40.7 ] 

40.7 i 

41.1 i 

41.3 

1 42.2 

10 

41.9 ! 

40.9 ! 

39,7 

.88.9 ! 

39.8 j 

.89.3 

39.6 

1 42.6 

4 

.88.8 1 

.89.5 i 

87.3 

87.2 ! 

37.3 

88.8 

87.9 

41. .8 

8 

.89.0 

88.8 1 

38.9 

.89.4 ! 

88.8 i 

39.4 

1 39.9 

39.7 

2 

40.1 

41.0 1 

89.2 

89.4 

; 89.0 

38.8 

39.7 

1 40.9 

Average 

40.0 

39.8 

1 39.6 

.88.8 

1 88.9 

39.8 

[fi. 

UlL 


Tabij; 13 b. 
Ventral Side. 


Not. of 
Wormi 


B 

C 

D 

E 

F 

G 

H 

6 

89.8 

30.6 

88.4 

87.2 

.88.1 

.88.6 

.89.9 

40 0 

7 

40.2 

80.5 

.80.4 

80.8 

38.8 

.89.0 

.89.0 

89 6 

14 

’40.4 

40.2 

30.5 

80.4 

88.9 

89.2 

39.6 

39.9 

5 

80.4 i 

88.8 

88.0 

88.7 

.88.3 

39 2 

,89.7 

40.1 

8 

80.5 

89.7 

80.6 

39.7 

88.9 

.89.0 

.89.6 

40.2 

10 

40.8 

80.8 

30.6 

89.6 

89.4 

.89,7 

40. .8 

41.6 

2 

40.5 

80.0 

88.r. 

39.8 

38.3 

39.1 

.89.:! 

40.0 

1 

40.6 

89.6 

30.0, 

89.0 

41.1 

39.2 

40.1 ; 

1 40.4 

11 

40,7 

40.5 

80.0 

88.9 

89.8 

40.6 

41.0 

40.6 

16 I 

40.8 

80.6 

80.3 

89.0 

39.2 

.89.6 

39.2 

41.3 
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8 1 

41.6 

40.0 

39.7 

.39.7 

40.6 

40.6 

40.4 j 

41.0 

12 

41.7 

40.4 

41.4 

40.9 

41.2 

41.2 

41.8 ■ 

42.0 

9 

41.8 

40.7 

39.4 

39.3 

39.6 

40.0 j 

42.4 

42.2 

13 

38.2 

39.6 

39.4 

.30.0 

39.0 

39.2 

88.9 

39.8 


39.4 

40.2 

.38.0 

.38.3 

38.3 

38.2 

89.4 

89.1 

Average | 

40.3 

39.7 

39.3 

39.2 

.39.3 

39.6 

40.0 

40.6 


Table 13 c. 

Average of Dorsal and Ventral. 


Side of 
Body 

A 

B 


D 

E 

F 

G 

H 

Dorsal 

Ventral 

40.0 

40.3 j 

39.8 

.39.7 : 

_| 

39.6 

39.3 1 

.38.8 

.39.2 

.38.9 

.39.3 

.39.8 

89.6 

39.7 

40.0 

40.7 

40.6 

Average \ 

40.18 1 

39.76 j 

.39.4 1 

39.0 j 

39.1 J 

.39.4 j 

.39,86 j 

40.6 


As will seen from Chart 15, this species shows a simple bipolar 
gradient. 

(13) Myxicola infundibulum Montague 

The worms were collected from the muddy bottom of about fifteen 
fathoms off Yunoshima Idet in late spring (May) and early summer 
(July) 1929. The body length of the worms employed was 3.0 to 
4.2 cm. The body of each worm was divided into six equal divisions 
together with internal organs. 


Table 14. 


14 

13 

16 

7 

8 

10 

6 

12 

2 


32.9 
33.6 

33.6 
34.4 

34.6 

34.9 
36.0 
36.2 
.36.6 


.32.7 

81.9 

81.9 
83.3 


32.6 
.31.9 
33.4 

84.0 

34.0 
34.3 

34.7 
84.6 
38.9 


33.6 

34.6 
38.0 
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4 

88.0 

38.8 

38.6 

34.4 

86.8 

36.4 

11 

88.7 

88.4 

88.6 

83.6 

36.6 

34.9 

9 

84.0 

38.4 

83.9 

33.6 

88.0 

34.6 

8 

84.7 

34.0 

SS.O 

83.4 

34.8 

34.0 

1 

38.0 

34.4 

84.6 

88.6 

38.9 

86.0 

6 

86.4 

83.4 

83.8 

33.8 

38.6 

88.6 

Avens« 

84.4 

88.8 

83.8 

88.8 

3416 

84.8 


The hea^shortlening gradient in Uiis species is also bipolar and 
V-shaped. (See Chart 16.) 

(14) Btanchiwn sp. 

The specimens were supplied by T. Okada who was so kind as 
to collect them from the gutters about the outdcirts of the city of 
Sendai in late autumn (November) 1928. The worms employed were 
5.2 to 6.5 cm. in body length. The body of this worm was divided 
into eight equal divisions. 

Table 15. 


^t. of 

A 

B 

C 

D 

E 

F 

C 

H 

2 

46.4 

44.7 

44.6 

44.7 

44.0 

43.9 

48. G 

43.3 

9 

45.6 

44.8 

44.8 

48.8 

48.7 

42.8 

42.6 

42.0 

1 

46.8 

44.7 

46.2 

44.3 

44.8 

44.2 

44.2 

48.8 

7 

46.0 

46.6 

46.1 

46.0 

44.6 

48.6 

48.0 

43.4 

16 

46.2 

44.6 

44.8 

44.0 

48.2 

42.4 

43.3 

43.0 

8 

46.6 

46.7 

46.2 

44.6 

48.9 

48.7 

43.9 

43.1 

IS 

46.8 

44.6 

44.6 

43.7 

48.2 . 

42.6 

43.1 

42.6 

4 

44.0 

44.4 

48.3 

48.0 

48.2 

42.6 

44.0 

43.0 

6 

44.9 

48.9 

43.0 

43.9 

48.0 

43.1 

43.1 

43.0 

14 

46.6 

46.1 

44.0 

48.3 

44.4 

43.8 

42.9 

42.2 

10 

46.8 

44.8 ! 

44.4 

44.8 

44.0 

44.1 

43.6 

43.6 

11 

46.4 

44.7 

44.8 

43.7 

43.0 1 

43.3 

42.7 

43.6 

IS 

46.6 

46.8 

46.7 

48.8 

48.0 

43.6 

48.8 

43.9 

8 

46.4 

43,6 

48.6 

48.1 

44.0 

42.7 

43.6 

43.0 

6 

46.0 

46.0 

44.6 

48.8 

43.8 1 

43.2 

43.6 

43. 0 

Avenge 

JU 

44.8 

44.6 

48.9 

48.8 I 

43.3 

48..'{ 

43.2 


The heat-diortening gradient in Brcmchiura is a very simple mono- 
poJar typ^ showing tfae highest onset temperature at the head end 
and gradhally decreasing towards the posterior anal end. (See Chart 17.) 
dmnchimt shows a higher onset temperature than the other ter- 
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retrial oligochaetes (Hatai, 1922), but the onset temperature of heat- 
shortening in Brandttura detected by Hatai is a little higher (about 
47*C on the average) than that {44.1‘C. on the average) obtained 
from the present experiments. 

(15) Pheretima communissima (Goto et Hatai) 

The h6at-shortening gradient, that of content of solid constituents, 
and that of electrical potential in I^ieretima communissima were tested 
in 1927 at the physiological laboratory of the Medical Department of 
the Hokkaido Imperial University, Sapporo, by the courtesy of Prof. 
H. Miyazaki and Prof. S. Hozawa, Professors of Physiology in the 
Medical Department there, 'Fhe results obtained from the latter two 
tests will be presented in succeeding pages. The worms were collected 
from a held about the outskirts of the city of Sapporo, Hokkaido, in 
summer (July to August) 1927. The worms were 12 to 15 cm. in 
body length. The body of the worm is divisible into two parts, 
preclitellar and postclitellar ; the former was divided into two equal 
parts and the latter was divided into five equal parts and clitellar 
segments were taken as one division, and designated A, B, C, etc., 
according to the order along the antero-posterior axis of the body, 
as usual in other cases. 


1’abi.e 16 a. 
Dorsal Side. 


Nos. of 
Worms 

A 

B 

r 

U 

E 

F 

G 

H 

13 

39.0 


.39.9 


87.6 


38.4 


17 

.39.4 


37.1 


36,1 


38.0 


1 

40..3 


38.9 


39.7 


38.1 


16 

40.S 


.39.1 


39.7 


38.8 


13 

40,4 


.39,0 


SO.b 


37.1 


19 

40.6 


39.4 


39.6 


39.3 


7 

40.7 


40.0 


40.0 


38.9 


9 

40.9 


41.0 


40.6 


38.7 


6 

41.0 


38.4 


39.4 


• 87.8 


.3 

41.1 


.37,7 


,37.6 


39.6 


IS 


S6.4 


.38.9 


38.4 


37.9 

11 


89.3 


39.0 


37.2 


87.6 

4 


S9.8 


39.0 


.38,8 


87.2 

18 


S9.8 


40.8 


36.3 


87.7 

20 


39.9 


1 .38.9 


88.8 


.38.9 

14 


40.0 


.39.6 

• 

37.8 


39.9 
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10 


40.1 


39.8 


.88.6 


88.0 

2 


40.2 


40.6 


39.0 


37.7 

0 


40.6 1 


40.7 


40.1 


39.2 

8 


40.7 


40.2 


40.3 


40.6 

Average | 

40.4 

89.9 

89.0 

89.0 

88.7 

.88.4 

.88.4 

88.6 


Table 16 b. 
Ventral Side. 



Table 16 c. 


Average of Dorsal and Ventral. 


Sid4 of 
Body 

A 

B 

C 

D 

E 

F 

G 

H 

Dortal 

40.4 

89.9 

a».o 

39.6 

.88.7 

.88.4 

.88.4 

38.6 

Ventral 

39.9 

89.4 

88.7 

88.» 

38.4 

87.6 

.88.4 

38.3 

Average j 

40.16 

89.66 

38.86 

.89.2 

38.66 

* 37.96 1 

.88.4 1 

.88.4 


The gradient from of heat-shortening in Pheretima commtaiissitna 
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is of a V-shaped bipolar type, showing a little posterior rise as shown 
in Pheretima megascolidioides and Pheretima divergens (Hatai, 1924), 
though the onset temperature of each part in the writer’s experiments 
is a little lower than of those in Hatai’s work. The onset temperature 
of the clitdlar region is lower than the both neighbouring divisions. 
It may be due to the particular construction of clitellar tissues. (See 
Chart 18.) 

(16) AUolobophola foetida (Savigny) 

These specimens were collected from the Asamushi hot-spring town, 
one and a half kilometers south of the Marine Biological Station, in 
early winter (November) 1928. The worms employed were 6.0 to 
8.2 cm. in body length. And the worms were divided into seven 
divisions; the preclitellar part was divided into two equal divisions, 
and clitellar part was cut out as one divisions, and postclitellar part 
was divided into four equal divisbns. 

Table 17 a. 

Dorsal Side. 


Nos. of 
Worms 

A 

B 

C 

D 

E 

F 

G 

10 

39.8 

89.7 

39.4 

39.4 

89.2 

89.1 

89.8 

16 

40.1 

39.7 

80.0 

39.3 

40.0 

40.1 

40.3 

8 

40.1 

39.8 

89.6 

39.6 

89.8 

40.0 

40.0 

8 

S».l 

39.0 

.36.6 

.38.0 

88.4 

.38.6 

38.4 

7 

89.8 

40.0 

89.7 

39.2 

88.8 

38.6 

38.6 

2 

40.4 

40.1 

39.8 

88.4 

89.4 

.39.6 

89.0 

12 

40.6 

40.4 

40.6 

40.4 

39.6 

40.0 

40.1 

11 

40.0 

39.7 

89.8 

39.0 

89.0 

40.0 

40.1 

6 i 

41.0 

40.0 

39.8 

89.9 

89.4 

39.6 

39.8 

IS 

40.0 

40.1 

39.6 

39.0 

39.8 

.39.4 

39.7 

1 

40.0 

40.1 

39.9 

89.8 

40.4 

38.8 

40.4 

4 

40.3 

89.0 

40.0 

89.6 

39.6 

89.4 

39.2 

9 

40.4 

39.6 

39.7 

39.1 

39.2 

.39.8 

39.6 

14 

40.4 

39.7 

40.2 

39.6 

40.(1 - 

1 40,3 

89.7 

6 

41.8 

40.8 

40.6 

41.3 

40.9 

40.8 

89.8 

Average 

40.3 

89.8 

89.7 

89.4 

39.6 

39.6 

89.8 
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Table 17 b. 
Ventral Side. 


Nos. of 

A 


C 

D 

E 

F 

G 

3 

88.6 

80.4 

80.4 

39.3 

39.4 

.89.6 

.89.7 

14 

30.0 

80.7 

.80.6 

80.2 

88. 8 

.80.0 

30.3 

1 

40.1 

40.0 

30.0 

39.8 

30.7 

40.2 

40.2 

10 

40.6 

40.6 

40.8 

40.0 

40.0 

40.4 

40.5 

4 

40.7 

40.6 

40.2 

40.0 

S9.6 

40.2 

40.6 

16 

80.2 

.80.6 

30.6 

89.1 

39.0 

30.0 

39.6 

12 

.80.6 

30.6 

80.6 

.80.2 

SO. 3 

30.8 

80.3 

9 

80.6 

80.2 

30.2 

38.7 

30.2 

39.4 

.80.3 

18 

30.8 

30.6 

39.6 

30.2 

30.1 

30.2 

39.7 

7 

40.0 

30.7 

30.2 

80.4 

80.6 

.80.9 

89.8 

9 

40.0 

30.8 

89.8 

.80.9 

40.3 

40.1 

40.4 


40.4 

80.0 1 

40.2 

30.8 

80.7 

.80.6 

40.3 

9 1 

40.6 

40.1 

39.8 

40.4 

.80.6 

40.0 

40.1 

8 

30.9 

40.0 

30.7 

39,7 

.80.6 

80.8 

39.7 

6 

40.6 

40.0 

40.2 

40.8 

88,8 

40.0 

30.6 

Average 

40.0 j 

30.8 

80.7 

30.6 

30.8 

30.7 

30.8 


Table 17 c. 

Average of Dorsal and Ventral. 


Side of 
Body 

A 

B 1 

C 

D 

E 

F 

G 

DoimI 

40.3 

30.8 

39.7 

89.4 

30.5 

30.6 

.89.8 

Ventral 

40.0 

.80.8 

39.7 

89.6 

.89.4 

39.7 

.89.8 

Average ^ 

40.16 

80.8 

80.7 

30.46 

30.46 

.80.66 

J 

.80.8 


AUolobophom foetida also shows the V-shaped gradient in heat- 
shortening temperature. (See Chart 19.) 

(17) Allolahophoh caliginosa (Savigny) 

The specimens were collected from the town of Asamushi in early 
autumn (September) 1929. .The body of the worm is divided into 
seven divisions in the same manner as in the case of AUolobophora 
foetida. The body length of the worms employed was 10 to 13 cm. 
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.Table 18 a. 

Dorsal Side. 



Table 18 b. 

Ventral Side. 



Table 1^ c. 

Average of Dorsal and Ventral. 


Side of 
Body 

A 

B 

41.1 

41.3 

C 

D 

40.6 

41.0 

E 

F 

G 

Dorsal 

Ventral 

41.4 

41.6 

40.7 

41.1 

40.0 j 

40.0 

41.3 

41.8 

41 .« 

41.8 

41.0 

Average 

41.46 

41.2 

41.8 1 

“4i.r 

41.46 j 

41,86 
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The heat-shortening; gradient of this worm is very similar to that 
of Allolobophora foetida, but the posterior rise is more extensive in 
the former than in the latter. (See Chart 20.) 

H. M. Vernon (1899) reported that in Lumbricus terestris which is 
closely related to Allolobophora the onset temperature of heat shorten- 
ing is highest at the anterior part (30.0°C.) and decreases posteriorly 
(at the middle part, 38.5“, and at the posterior part, 37.0’ and 38.8’C.) 

GENERAL CONSIDERATIONS. 

As the preceeding data show, the onset heat-shortening temperature 
of different parts of the b )dy or body wall in chaetopods varies in 
the form of a gradient along the axis of the body, and there are 
four typical distinctions among these heat-shortening gradients. 

The first type of heat-shortening gradient is that which is known 
as a monopolar or primary gradient in chaetopods and is the most 
simple gradient, i. e., the onset temperature is highest at the anterior 
end and decreases posteriorly with quite simple gradation. The 
second type of heat-shortening gradient is that which has been called 
bipolar or secondary type of gradient in chaetopods, in which the 
onset temperature is high at the anterior part and decreases towards 
the middle part, but again increases posteriorly. The remaining third 
and fourth types are new ones detected by the writer in this investi- 
gation. In the third type (see Charts 1, 2, 3, 5, 6, 7) the onset 
temperature is highest at about the middle part, decreasing towards 
both extremities of the body, so that the form of the third type 
gradient resembles an upsidedown image of that of the second type. 
The fourth type (see Charts 8, 9, 10, 11, 12, 13) is a little more 
complex than the pthers. It shows a form as if the second and third 
types were united, putting the anterior half of the second type over 
the posterior half of the third type. The fourth type, therefore, con- 
sists of three portions along the axis of the body : the first portion 
is represented by the anterior portion of the boeb^ where the onset 
temperature ascends from the head end, increasing towards the middle 
part and reaches the first maximum at the other end of this portion ; 
the second portion or middle part of the body immediately follows 
the former and here the onset temperature decreases posteriorly and 
reaches the second minimum at the end of the posterior side of this 
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portion; the third portion, which is represented by the remainder of 
the body, posteriorly, reaching the second maximum at the posterior 
caudal end. 

It is very interesting and of great importance for the present problem 
to note how these four types of heat-shortening gradients are related 
with the different morphological types or habitates of chaetopods 
According to the classification of polychaetes adopted by W. B. 
Benham in the Cambrige Natural History Vol. II (1922), Polychaetes 
are divided into two branches, Phanerocephala and Cryptocephala, 
and the former branch contains five sub-orders and the latter, two , 
of these, the species here examined by the writer belong to the 
following four sub-orders ; 

Phanerocephala, 

Sub-Order 1. Nereidiformia. 

Nereidae Nereis mictodonia Marenzkller 

Aphroditidae Polynoe vexillaria (Moor) 

Polynoi S|>. 

Eunicidae Marphysa ivoamusi Izuka 

Nephthydidae Nephthys caeca Muller 

Glyceridae Glycera sp. 

Sub-Order 3. Terebelliformia. 

Cirratulidae Cirratulus dasylophius Marenzei.ler 

Terebellidae Terebella sp. (T. debilis ?) 

Sub-Order 5. Scoleciformia. 

Chlorhamidae Styhroides Plumasa Muller 

Arenicolidae Arenioola cristata Stimpson 

Maldanidae Praxilldla sp. 

Cryptocephala, 

Sub-Order 6. Sabelliformia. 

Sabellidae Potamilla mynops Marenzeixek 

Eriographidae Myxicola infundibulum Montague 

The remaining three sub-orders, Sub-Oder 2. Spioniformia, Sub- 
Order 4. CapitelUformia and Sub-Order 7, Hermelliformia are yet 
untouched. 

F. EL Brddawp dassifies oligochaetes into two sub-orders, Microdrili 
and Macrodrili (the Cambt-idge Natural History Vol, II. 1922). In 
Microdrili I have examined only one species, Branchiura sp. and m 
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Macrodrili, three species, Pheretima ammuni^^ima, Allol^^jtqphofo foe- 
tida and Allolobophom caliginosa were tested. 

For the sake of convenience in the description below, 1 wish to 
call the types of chactopod gradioits the first, second, third and 
fourth types as mentioned above, instead of the monopolar and bipdar 
types or the primary and secondary types as used up to now. 

(1) Nereidiformia. 

Nereidiformia contains three different types of gradients in heat 
shortening, namely the second, third and fourth types. In the sectmd 
type of heat-shortening gradient is represented by Nereis ezoensis 
IzuKA and Ceralocephala osctwai Izuka, which had been obsei^ed by 
Hatai (1924). 

The similarity of their gradient form in heat shortening b shown 
in the following Chart. 



Chart 21. These graphs based on the average values o{ 
Hatai’s observations (Hatai, 1924, p. 12). 

S. Nomura (1926) stated that in the four divisions of the body 
of Nereis japontea Izuka the percentage of solid substances was 
greatest at the head division and decreased gradually posterioriy while 




PHYSIOLOGICAL AXUL GRAOIEMTS OF CHAETTOPOD ANNELIDS 1 tfid 

that of the content of total nitrogen, tested by the micro-KjEHDAHL 
method, decreased towards the middle of the body and reached the 
minimum, but again increased in the posterior division. In Nereis 
virens Saks and Nereis vexillosa Grube, the second type of gradient 
was shown in the rate of oxygen consumption by Hyman and Galigher 
(1921) and in the electrical polarity by Hyman and Bellamy (1922). 
Summarizing these results of experiments the worms of the family 
Nereidae (Lycoridae) seem to belong to the second type in axial 
gradient, while the case of Nereis mictodonta shows the third type 
gradient in heat shortening as the only exceptional case in the family 
Nereidae thus far examined. (See Chart 2 & 22.) 

The third type of gradient in heat shortening is also found in 
Nereidiformia such as Polynoi vexillaria of the family Aphroditidae, 
and Marphysa itoamusi of the family Eunicidae. The following chart 
shows the similarity of their gradient forms. 



Chart Is. Scale 1) for NereU imctodonta, scale 2) for Marphysa 
iwamiui and seal for Potyaoi vextUana. Theae Kraphs are based on 
the data given in Tables 1, Z c, and 4 c. 

But the heat-shortening gradient of Polynoi sp. may be recognized 
as the intermediate type of gradfent between the second and third 
types. (See Chart 3.) 




190 


Y. WATAN^IE 


Nephtjfs caeca and Glycera sp. are the representatives of the fourth 
type of gradient in Nereidiformia. See the following chart. 



Chart 23 Scale 1) for Nephth9$ auiea and wale 2) for Glycera sp. 

These graphs are based on the data given in Tables 6 and 7 

(2) Terebelliformia. 

Cirratulus dasylophius and Terebella sp. were examined here, and 
both show the fourth type of gradient in heat shortening. We .see 



Chart 24. Scale 1) for Ctrratultu dasylophiu* and scale 2) for 
Terebella sp. 'rhese gra|l!n are baaed on the data given in Tables S 
and 9 e. 
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their similarity in gradient form in Chart 24. 

(3) Scoleciformia. 

In this sub-oder Stylaroides plumoM, Arenicola cnstata and PraxU- 
lella sp. were examined. Stylaroides plumosa and Arenicola cristata 
show clearly the fourth type of gradient in heat shortening as already 
described in the introduction of this paper, while Praxillella sp. seems 
to belong to the second type when based on the average values alone. 
See the following chart. 



Chart 25. Scale 1) for Aremmla cnstata and scale 2) foi .S'ty/a- 
roKtcs p hs m asa. Theae graphs arc baaed on the data given in Tables 
10 c and 11 c. 

(4) Sabelliformia. 

In this ^up I examined two species, Potamilla myriops and 
Myxicola infundUmlum. These two species show the second type of 
gradient in heat shortening. According to Hatai (1924), Laonome 
japonicus which belong to this sub-order shows the first type (mono- 
polar) in heat-shortening gradient when the data obtained from the 
average values of the experiments on all five worms are adopted, but 
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one of them (No. 4, in the table on page 14, Hatai, 1924) crealy 
showed the second type. 



Chart 26. Scale 1) for Laonome japomau and PotamiUa tnyriop$ 
and acale Z) for Myxioola infundibuium. The grapha of Laonome 
japonicua are based on the data given by Hatai (lSi24, p. 14), and the 
other graphs are hosed on the foregoing Tablea 13 c, 14. 

(5) Oligochaetes. 

In oligochaetes, the heat-shortenmg gradient of Branchium sp. is 
of the hrst type and those of the other three species of macrodrilous 
oligochaetes are of die second type The facts that the gradients of 
onligochaetes are of the first or second type are already demonstrated 
on various lines of evidence by many authors up to date.’’ I..ater, 

I shall comment a little upon the results of the different lines of 

evidence. 

However, in the case of Bmnchivra the gradient of the rate of 
oxygen consumption and of CO* production obseiyed on three parts 

')On Heat-Shortening Temperature and Content of Water by Hatai, S. (1924); 

On SusceptibiUty to Cyanides and Regenerative Power by Hyman, L. H. (1916); 

On Respiration Rate by Hyman, L. H. and A. E. Galigheb (1921), SaeASER, C. 

<T924}, Okada, T. (1929); On Electrical Potential by Morgan, T. H. and A. C. 

DwoN (1904), Hyman, L. H. aid A. W. Bsixamy (1922); Watanabe, Y. (1928); 

/he. 
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of the body by T. Okada (1929) is not in accordance with that of 
the heat-shortening temperature. My own result of heat shortening 
shows the first type, while Okada’s result shows the second type or 
a great posterior rise, similar to that shown by the susceptibility 
gradients in other tubificids, Tubifex rivutorum Lamarck and Lim- 
nodrilus claparedianus Ratzel (Hyman, 1916). 

This discrepancy may be traced to the fact that, on comparing 
the respiration rate of tissues, it seems to be necessary' to take into 
consideration the surface area as well as the amount of tissue. Since 



Chart 27. Scale 1) for AlUMophora caltginom, scale 2) for Bran- 
cfuura tp., and scale 3) for 'AUalokophom foettda and Pheretuna com- 
mumtntna. These graphs are based on the data given in Tables l.'i, 
16 c, 17 c, and IS c. 
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m 

Branchiura has so-called gills of long slender process at the posterior 
part of the body, the surface area per unit weight may be extensively 
larger in the pesterior part than in the anterior part and the middle 
part. However, Okada’s experiments were not observed with the 
respect to the surface area of the BranchitBra body, and therefore, it 
may be impossible from the data given by him to compare the 
respiration rate (or intensity) of three parts of the body with each 
other in respect to the axial gradient of the body. Consequently, 
whether the gradient of heat shortening does or does not agree in 
form with the gradient of the respiration rate in Branchiura, unless 
the amount of oxygen consumed or that of CO* produced per unit 
area is determined, can not be d^nitely decided. 

As already mentioned above, polychaetes were heated in natural 
sea water, or 3.3 per cent solution of sodium chloride, while oligo- 
chaetes were heated in distilled water. In case of comparing the 
result.s of experiments done in such different media, it may be neces- 
sary to examine into whether such comparisons, under the circumstance 
mentioned above, be possible or not. Regarding this point, the follow- 
ing simple examinations were undertaken. 

I have cjcamined the onset temperature of heat shortening with 
Cirratvlm dasylophius in four different media, namely in natural sea 
water, and 1.1, 2.2, and 3.3 per cent solutions of sodium chloride. 
The following results were obtained; 

Table 19 a. 

Onset Temperature of Heat Shortening in CimUultis dasylophius 
in Natural Sea Water, Salinity of which 
is 34.4 to 35.7. 



A 

B 

C 

D 

E 

F 

G 

H 

2 

46.9 

47.6 

47.6 

47.7 

48.0 

48.0 

48.3 

48.4 

4 

47.3 

47.2 

47.4 

47.3 

47.8 

48.0 

48.6 

48.8 

6 

47. n 

47.8 

48.4 

47.3 

47.2 

48.4 

48.0 

48.6 


47.6 

47.6 

48.1 

47.2 1 

47.6 

48.6 

48.0 

48.7 


48.1 ; 

48.3 

48.5 j 

47.8 

47.8 

48.3 1 

48.6 

48.7 

Average 

47.6 

47.7 


47.6 1 

47.6 

J!±j 


48.6 
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Table 19 b. 

Onset Temperature of Heat Shortening in Cirratulus 
dasylophiits in 3.39^ Solution of NaCl. 


Non. of 1 

Worms 

A 

B 

C 

D j 

E 


G 

H 

3 1 

46.8 

47.6 

48.0 

47.4 

47.4 

48.2 1 

47.8 

4».0 

2 

47.1 

47.7 

47.4 

47.6 

47.4 

47.6 

48.4 

48.6 

4 

47.1 

47.8 

47.4 

47.7 

47.6 

48.3 

48.6 

48.9 

1 

47.. S 

47.7 

48.0 

47.8 

47.2 

48.2 

48.8 

48.6 

G 

47.8 

47.6 

47.7 

47.2 

47.3 

48.6 

48.2 

48..'! 

Average j 

47.2 

47.7 

-47.7 

47.6 , 

47.4 

48.3 

48.3 

48.7 


Table 19 c. 

Onset Temperature of Heat Shortening in Cirratulus 
dasfflophius in 2.2^6 Solution of NaCI. 


Nos. of 
Worms 


R 

C 

^ 1 


F 

1 G I 

H 

1 

46.8 

47.2 

46.8 

46:4 ! 

46.1 

47.0 

' 47.6 , 

47.8 

6 

46.2 

47.2 

46.4 

46.0 

46.3 

47.2 

47.4 1 

46.9 

3 

) 46.6 

47.1 

46.7 

46.9 1 

46.4 

46.9 

i 47.8 ! 

47.9 

4 

46.7 

46.7 

47.4 

46.6 

46.6 

46.4 

47.0 

47.7 

2 

47.4 

47.0 

46.6 

46.4 ! 

46.6 

47.1 

1 

46.8 

Average 

46.6 

47.0 

46.8 

46.6 

46.4 

46.9 

\ 

4^' 


Table 19 d. 

Onset Temperature of Heat Shortening in Cirratulus 
dasyhpfuus in 1.1^ Solution of NaCl. 


Nos. of 1 
Worms 


B 

! ^ 

D 

E 

F 

G 

nr 

3 

44.8 

46.8 

46.0 

48.7 

46.9 

46.9 

46.6 

46.3 

4 

44.9 

46.4 

46.3 

46.3 

46.4 

45.6 

46.9 

1 46.4 

1 

46.6 

46.7 

46.7 

46.4 

46.3 

46.4 

46.8 

46.8 

2 

46.0 

46.2 

46.8 

46.9 

46 0 

46.6 

46.7 

46.6 

6 ^ 

46.2 

46.1 

40.0 

46.6 

46.2 

46.6 

46.6 

46.9 

Average 

46.6 

46.8 

46.8 

46.6 j 

46.6 

46.6 

46.9 

46.2 






m 



Chart 28. H<*at-.shorle 
placed in natural sea water 





Chart 29. Heat-shortening gradients of CimUulvt 
placed in 1.1, 22, and 3A P«r c«nt Solutions of NaCl. 
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As the above data show, the heat*shortening temperature of each 
part of the Cirrattdus body increases proportionally to the concentra- 
tion of the solution of sodium chloride used as its media. 

Such results were obtained also in the cases of terrestrial oligo- 
chactes, Allolobophora foetida and Allolobophora caliginosa. The data 
in Tables 20 a and 21 a, b, c show the results obtained from the 
experiments in 0.115 M solution of sodium chloride and those in 
Tables 20 b and 18 a, b, c show the results obtained from the 
experiments in distilled water. 

0.115 M solution of sodium chloride, of which the degree of 
freezing point depression A is about 0.4, may be taken as isotonic 
to the body fluid of terrestrial annelids from the observation by L. 
Fkedeucq (1906) on the body fluid of Hirudo officinalis. 


Table 20 a. 

Onset Temperature of Heat Shortening in Allolobophora 
foetida in 0.115 M Solution of NaCl. 



A 

H 

C 

D 

E 

F 

t; 

2 

1 40.4 

40.0 

SO. 8 

.so.o 

40,1 

40.2 

40.2 

4 

1 40.7 

40.4 

40. S 

40.3 

40.4 

40.8 

40.6 

1 

1 40.7 

40.4 

1 40.4 i 

! 40. ,3 ' 

40.4 i 

40.3 

1 40.2 

6 

41.0 

40.0 

40.0 

40. r> i 

40.6 1 

40.0 

i 40.6 

.1 

i 

41.3 

40.0 1 

40.7 

40.8 

41.0 j 

41.2 

Average 

1 40.8 { 

40. « 

40.4 1 

40.3 j 

40.4 

40.5 

1 

40.6 


Table 20 b. 

Onset Temperature of Heat Shortening in Allolobophora 
foetida in Distilled Water. 


Noa. of 

A 

B 

C 

D 

E 

F 

C 

2 

39.0 

30.8 

39.7 

30.6 

39.7 

89.6 

30.8 

6 

40.0 

30.0 

80.6 

30.7 

.39.6 

80.8 

40.0 

1 

40.1 1 

39.8 

30.6 

.39.7 

.39.4 

.30.7 1 

40.0 

4 

40.3 

40.1 

30.4 

39,6 

39.6 

39.9 1 

40.0 

8 

40.6 

40.1 

‘ 39.8 

39.7 

30.9 

40.2 j 

40.4 

Average 

40.2 

30.9 j 

30,0 

89.6 

.30.6 

so 8 1 

40.0 
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Table 21 a. 


Onset Temperature of Heat Shortening on the Dorsal 
Side of Allolophora caUgimm in 0.115 M 
Solution of NaCl. 


Nos. of 
Worms 

A 

B 



£ 

F 

G 

1 

41.6 

41.4 

41.0 j 

40.8 i 

40.9 

41.1 

41.6 

4 

41.6 

41.6 

41.3 

41.3 ! 

41.8 

41.6 

42.0 

fi 

41.0 { 

41.3 

41.8 

41.3 

40.0 

41.3 

41.0 

2 

41.7 1 

41.4 

41.2 

41.8 

41.2 

41.9 

42.1 


41.8 , 

41.3 

41.2 

41.0 

41.8 

41.9 

42.3 

Average j 

41.6 

41.4 

41.2 

41.3 

41.3 

41.6 

42.0 


Table 21 b. 


Onset Temperature of Heat Shortening on the Ventral 
Side of Allolophora caligittosa in 0.115 M 
Solution of NaCl. 


^08. of 1 

A 

B 

C 

D 

E 

F 

C 


41.6 

41.3 

41.2 

41.2 

41.1 

41.1 

41.3 

4 1 

41.6 

41.4 

41.3 

41.1 i 

41.4 

41.6 

43.6 

3 1 

41.9 i 

41.4 

41.3 

41.4 , 

40.0 

41,6 

41.7 

2 

41.0 

42.0 

41.4 

41.6 1 

42.0 

42.0 

42.0 

1 

41.2 

42.1 

41.3 

41.4 

41.7 

42.6 

42.6 

Average 

41.8 

41.8 

41.8 

41.3 

41.4 

41.8 

42.2 


Table 21 c. 

Average Values of Dorsal and Ventral. 


Side of 
Body 

A 

B 

C 

D 

E 

F 

G 

Dorsal 

41.6 

41.4 

41.2 

41,3 

41.2 

41.6 

42.0 

Ventral 

41.8 

41.8 

41.8 

41.3 

41.4 

41.8 

42.2 

Average 

41.7 j 

41.86 

41.26 

41.3 

41.8 

41.66 

42.1 
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As the experiment of VeRnon (1899), of Moore (1602), and of 
Meigs (1909) have shown, the onset temperature of the heat-shor;ening 
may be altered by adding different amounts, as well as different kinds 
of salts. However, except with extremely improper media, any altera- 



Chart 30. Hfat-shortenina aradieiitH of AUolobophora rahginoaa 
and AUolobophora fortida, placed in distilled water and 0 115 m solution 
of NaCl. 

tions due to the difference of media used affect almost equally all 
the parts of the body and thus the relative values of the gradient 
should not alter to such extent as to materially modify the form of 
the curve. In reality, the heat-shoitening gradient as a whole slightly 
altered its position on the temperature scale with different media, but 
the tendency of the specific form in the gradient of the heat-shortening 
temperature along the axis of the body for each worm was not 
altered. Therefore, the gradient form which I have determined may 
be taken as specific and charactetistic for each species of worm. 

The distribution of thew four types of gradient forms in various 
groups of chaetophd annelids is conveniently summarized in the follow- 
ing table. 
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Table 22. 

Distrftiution of Four DtfFerent Tjrpes ot Akml 
Gradieiits in Chaetopod Annelids. 


SubOHer* 

luTyp. 

2nd Tsrpe 

Std Type 

4th Type 


Neretn 
japomca S9) 

Nereis 

esoensis 16) 

mictodonio* 

Nephthtfs 

caeea* 


Nereis Umbata 
(Larva) 5) 

Nereis 
japontca 29) 

Marphysa 

Glyccm »p » 

Nereidiforoua 


Nereis eesU- 
iese 19X i«) 
Nereis virens 
18)i 19) 





Ceratocephala 
heassai 16) 

Potj/no* 

vexiUana* 




1 Polpnoe ep * j 


- • f uf 

Cbaatortena 

Chastteftertu 




(Urva)'6) 

^Lima) 6) 




Tpbelh- 




OVrafuliw 
dtuylophius* 
Trrebella 
debdis (?>* 

Scolecifonnu 


ArratCDla 
cristata 
(Larva) 6) 


Atemoola 

1 crutata * 

1 Stylareides 

1 plpmosa * 




1 Praxitiella sp | 

Sabelliformia 

Laonome 
japomeus 16) 

FotamsUa 
myriops* 
Myxicola 
infunUbuium * 




Atotosomm 

hempendui 

17) 

Mo 

limosa 17) 
Me 

frucata 17) 





Stylaria 

Jecstrie 17) 



Mkrodrili 


Chaetogaster 
(Xapnmus 17); 





Nme j 

eltnguis 17) 
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tiiim 17 ) 
Tli^ 


*p. 805 




ouUt 16 ) 

I AUoMophont 




Alter seeing the results of tb«se ratperiments, we are confronted 
with the problems of what these four types of gradients signify and 
of whether any causal relaticms exat among them. 

Aocording to Child's experiment (1917) on the differential sus- 
ceptibility in larvae of Nereis limbata and Chaelopterus pergamentaceus, 
at the beginning of developnienf the apical region is most susceptible 
wd the basal, least As tlie devdopment goes on, the posterior 
aomatic plates show a rdatively rapid increase in susceptibility, and 
as posterior elof^atno occurs, or soon after, the posterior growing 
region becomes the most susceptible region of the larval bo<ty. L. H. 
Htmam (191^ showed that the susceptibility gradient of Aeohsoma 
is of tihe £nt type (monoiwlar), while those of naids, Lumbrictdus 
and tuhtfcids b^Mg to ^ second type (bipolar). She also showed 
that die posterior risO i^ more extensive in LmArieulm than in naids, 
aad is most extCMMve in tofaifiddB. And die found that these trans- 
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foTRiatioins in the second type of chaetopod gradient also take place 
during the course of growth in Tubifex tvbifex Lamarck. The sus- 
ceptibility gradient in young Tubifex is of the second type, and the 
most susceptible region of the body is the anterior end, while, as the 
growth goes on, the posterior end becomes the most susceptible region 
instead of the anterior region. From these facts shown by Child 
and Hyman, we see that in all probability the primodial gradient of 
susceptibility in chaetopods is the first type of gradient and is modified 
secondarily into the second type; then this posterior rise becomes 
more and more extensive as the growth or the development proceeds. 
And according also to them, such modifications of gradient type in 
chaetopods are due to the result of (he characteristic annelid method 
of growth and development. 

In the present work on the heat-shortening experiment, three 
species of macrodrilous oligochaetes make a similar series with respix^t 
to the axial gradient as shown by Hyman on the susceptibility gradient 
of microdrili. Genus Pheretima is considered to be more primitive in 
the zoological scale than genus AUolobophora (see F. E. Beddard’s 
a Monograph of the Order of Oligochaeta, pp. 162-173 & fig. 34), 
and the heat-shortening gradient ot the latter shows a more extensive 
posterior rise than that of the former, as shown in Chart 27. 

However, we have found several cases in which the forms of the 
gradient do not follow the zoological scale so far as the heat shortening 
is concerned. 

For instance, Laonome japmicus and Potamilla myriops are very 
closely related worms, belonging to the same family Sabellidae, but 
the heat-shortening gradient of the former is of the first type and 
that of the latter is of the second type. (See Chart 26.) 

Nereis mictodonta, as noted above, show the third type of gradient 
in heat-shortening temperature while other species of the genus Nereis 
and the related worm, Ceratocephala, show the second type of gradient. 
(See Chart 21.) 

The heat-shortening gradient of Polynoe vexillaria is of the third 
type, while Polynoe shows a simple linear gradation, sloped down 

.anteriorly; accordingly we can not determine whether the latter 
belwigs to the second type or the third type of gradient. 

Chh-d (1917) showed that the susceptibility gradient in the larva 
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of Armicola cristata is of the second while the heat-shortening 
gradient in its adult form is clearly of the fourth type. 

The heat-shortening gradient of Praxillella sp., which belongs to 
the same sub-order of Scoleciformia as Arenicola does, may be taken 
rather as an intermediate or indeterminable form, between the third 
and fourth type gradients, than as a perfect example of the third 
type gradient. On looking over every datum in Table 12, shown by 
this species, we find' that at the two divisions of the most posterior 
part, E, F, among ten worms tested three showed a higher onset 
temperature at the posterior end, F, than at the other, E. Three 
other worms showed equal onset tempature at both divisions, while 
the remaining four alone showed a lower onset temperature at the 
posterior end, as is shown in the typical form of the third typ<' of 
chaetopod gradient. 

Thus the presence of several forms of gradients in the same group 
of related worms and of the same gradient forms in worms belonging 
to systematically different groups, seems to suggest that the modifica- 
tions of the gradient form are not strictly associated with the phylo- 
genetic relation of worms, so far as the observations on the adult 
worms alone were concerned. For the decisive resolution of these 
lines of quegtion, observations on the transformations of form of the 
heat-shortening gradient which appear during the whole course of 
individual development or growth are necessary. Until the data on 
the embryos and larvae are obtained, with a suitable technique, the 
writer wishes to' reserve any definite conclusion on this fundamental 
problem, 

I remark here, in addition, that, in eight species examined, the 
form of the heat-shortening gradient did not differ in the different 
sides of the body (dorsal and ventral) in the same species of worm. 
(See Charts 3, 5, 7, 11, 12, 15, 18, 19, 20.) In three species, Polyrwe 
vexillaria, Potamilla myriopa and Allolobophara caliginosa, the ventral 
body-wall tissues are higher in the onset temperature of heat shortening 
than the corresponding tis.sues of the dorsal side; on the contrary, 
Matphysa itOamusi, TerebelUdes ap. and Pheretima communissima, the 
heat-shortening temperature of the dorsal body-wall tissues are higher 
than those of the corresponding tissues of the ventral side of the 
body wall ; while' in Stf/laroidea plumoaa and AUolohophora foetida. 
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the heat'^hortening temperatures are almost the same m the oorre- 
sponcUng tissues of both the dorsal and the ventral ^de oft the body 
wall. Accordingly, in the present research any regular ration con- 
cerning the difference of the heat-shortening temperature in the cor- 
responding tissues of the dorsal and the ventral sides of the body 
wall, was not found. 

According to Child, it is not nece^ary to assume that the gradients 
condst primarily in metabolic difference alone. He said in his book 
(1924), “Protoplasm is a system in which the chemical reactions of 
metabolism are so intimately associated with other factors, e. g., colloid^ 
dispersion, active mass of enqnne, permeability of limiting surface, 
electrolsrtic content and dissociation, water content, etc. that to distin- 
guish one particular factor rather than another as primarily is at 
present impossible.” (p. 74.) 

Some Instances of such correlations as were suggested by Child 
are cited here from the writer’s observations on the content of solid 
substances and the dectrical potentiality in the earthworm, Pheretima 
cotrmunis$ima. 

1) The work of Hatai (1924) in the earthworms, Pheretima megas- 


Table 23. 






f'll I 

1 


ipecie* 


P. 

Content of 

■ 





Heat 

Heat 

Content of 


ahortenmK 

■olid substance 

shortening 

sobd substance 

Units 

DefCrae C 


Degree C 

% 

Ant. 

I 

A 

41.2 

21.1 

40.2 

21.2 

II 

B 

41.2 

20.9 

30.7 

20.3 

Cht. 

in 

C 

40.6 

26.2 ' 

38.9 

23.4 


IV 


30.7 

19.6 




V 

D 

30.4 

18.3 ; 

39.2 

19.6 

Mid. 

VI 

E 

39.1 

18.4 

.. SS.6 , 

18.8 

VII 


39.0 

17.7 




VIII 

F ‘ 

39.0 

17.7 

88.0 

18.3 


IX 


38.9 

18.1 

88.4 

17.3 

Post. 

X 1 

H 1 

38.9 I 

18.3 

XI 1 


39.4 1 

19.0 

38.4 

> 18.0 
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cdidioides (Goto et HataI), and Pheretma dtiniiyw a (Michaeusen) 
showed that, “ the temperature of the onset heat contraction is pro- 
portional to the amount of solid constituents which are contained in 
tissues.” (p. 19.) In the other ^>ecies of the genus Pheretma, P. 
communissima, I have certified the same relation between the onset 
temperahtre of heat shortening and the content of solid substance in 
the tissues. The data given in Table 23 show this mtimate correlation. 

In the above table, deta in the case of P. tnegatcolidioides were 
adopted from the work of Hatai (1924) p. 8. (the average of the 
value of the tbrsal and the ventral sides of die body of P. megas- 
colidioides No. 4.) and from the first row of table on page 15 ; data 
in the third column, from the foregoing Table 17, and those in the 
fourth column, from the following Table 24. 


Table 24 a. 

Contents of Solid Constituents in Dfierent Parts of 
the Body in Pheretima communimima, given 
as Percentage of the Fresh Tissue. 

Dorsal Side. 


No* of 
Exper 

A 

B 

C 

D 

£ 


G 

H 

.*5 

20.2 

19.7 

23.1 

19.0 

19. .7 

19.1 

17.4 

16.6 

A 

20.S 

20.1 

21 .7 

17.6 

17.0 

16.6 

17.0 

16.8 

r. 

21.4 

20.0 

2S.S 

20.0 

19.1 

18.6 

17.6 

17.8 

2 

21.9 

9e.« 

23.7 

20.3 

19.4 

18.4 

17.7 

18.2 

1 

22.1 

21.0 

26.0 

19.7 

18.6 

18.2 


18.7 

Average : 

21.2 

20.4 

23.6 

19.8 

IB. 8 

18.2 

17.4 

17.7 


Ta«£ 24 b. 
Ventral Side. 


Exper. 

A 

B 

C 

D 

E 

F 

C 

H 

4 

20.4 

20.1 

20.2 

17.9 

W.O 

16.9 

17.8 

18.8 

3 

20.4 

20.8 

24.2 

20.2 

12.8 

18.8 

17.6 

18.2 

8 

21.6 

20.8 

24.0 

20.1 

12.« 

l«,7 

17.2 

18.8 

1 

21.7 i 

10.2 1 

24.4 

10.2 

18.0 

19.0 

16.6 

18.0 

2 

22.0 

Si-** .] 

18.8 

10.7 

18.9 

M.l 

17.4 

18.7 

Average 

81.1 I 

20.1 

28.3 

19.6 

18.7 

18.8 

17.7 

18.8 
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Table 24 c. 

Average of Dorsal and Ventral. 


Side of 
Body 

A 

B 

C 

D 

E 

F 

G 

H 

Dorsel 

21.2 

20.4 

2.1. 5 

19. .1 

18.8 

18.2 

17.4 

17.7 

Ventral 

21.1 

20.1 

2.1 3 

19. « 

18.7 i 

18.5 i 

17.1 

18.8 

Average 

21.16 

20.26 

2.1.4 1 

19.4.6 

18.76 j 

18.26 

17.26 

18.0 


Designations of every division of bodies of worms employed in 
Table 24 are the same as those used in Table 17 and all the figures 
given here were obtained by experimenting with the same parts of 
three different individuals at the same time. 

H. M. Vernon (1899) said, “The temperature of onset of heat 
contraction and of loss of excitability do not seem to depend at all 
on the amount of solid constituents in the tissues. ” (p. 286.) How- 
ever, in his observation, from which be deduced the above mentioned 
conclution, he attempted to compare the onset heat-shortening tem- 
perature and solid constituents in muscles belonging to very widely 
different culd-blooded animals, but he did not determine the relation 
between the two factors in question in muscles belonging to the same 
animal. Hence, his statement cannot be accepted bodily without 
further test on the question just pointed out. 

(2) T. H. Morgan and A. C. Dimo.n (1904) found that in two 
species of earthworm, Lumbneus terreslns and Allolobophora foetida 
the anterior and posterior end, in general, were electronegative, gal- 
vanometrically, to the middle. The result of their work, generally 
speaking, was coincident with that of the writer’s heat-shortening 
experiments in Allolobophora foetida and Allolobophora caliginosa (see 
Charts 19 and 20), though their work was only qualitatively done. 
Therefore, it may be said to be possible that the portion, which needs 
a higher temperature to produce heat shortening, is electronegative to 
those of a lower onset temperature. Regarding such a relation T cited 
the data of mine. 
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Table 25. 


Exper. 

Heat Rigor 


Electrical Polarity 


Cond. ol 
Temp 




15M0* 


±0.5» 

Season 

Summer 

Winter 


Summer 


Unit. 

Degree C 



Mill Volt 



A 

40.2 

11.2 


- 9.6 


-6.0 

B 

S9.7 

5.3 


-0.5 


-3.7 

C 

38.0 



-4.8 


- 2.7 

D 

39.2 

1.8 

1 

-2.0 


-0,4 

E 

38.0 



0.9 


-H.6 

F 

38.0 

1 2.9 

j 

1-0.0 


+2.9 

a 

38.4 



-fO.6 


+ 2.6 

H 

.38.4 

0.0 

J 

0.0 


0.0 


In the above table, the figures in the first column are cited from 
the foregoing Table 17 ; those in the second column, from my previous 
work (1928), p. 144, Table III. The figures in the third and fourth 
columns are given from the writer’s recent obscTvations in 1927, which 
are not yet published. The data in these two columns indicate the 
average values of the results of experiments on twenty-five worms, 
and the measurement of the electrical {lotential has been carried out 
twice in every worm on the dorsal and ventral sides of the body. 
The methods of measurement and the experimental conditions have 
already been published (1928) and therefore the readers are referred 
to the writer’s previous work concerning this subject. The experiment, 
of which the result is shown in the last column, has been done with 
the purpose of observing the effect of cooling upon the gradient of 
the electrical potential. 

The following chart shows in brief, intimate correlations among 
the gradient of the heat-shortening temperature, the gradient of the 
amount of solid constituents and the gradient of the electrical potential 
in the earthworm, PberetiTna communissima. 
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Chart 31. Gradient of r-ontent of solid ronstituenU, gradient of 
temperature of heat ngor (heat-shortening), and gradient of rlectriral 
potential in the earthworm, nrrettma rammumssima. These graphs 
are based oa the data given in third and fourth columns of Table 23 
and those given in the third coluiaa of Table 25 

It is generally observed that embryonal tissues in vertebrates 
are much richer in water content than the corresponding tissues of 
the adult, and as development goes on, their content of water generally 
decreases through the storing up of the formative substance, which is 
equivalent to stating diat the degree of differentiation of the tissues 
or organs is reversely related to the water content'^ Accordingly, 
the content of water, that is, the cmitent of solid in a reverse sense, 
may be assumed as a chemical sign of differentiation or senescence 
tissues, and the gradient of tbe content of water- or the content 
solid constituents may represent that of die tissue differentiation. 

The researches of Child and his associates seefned to prove, in 

'JDavekpokt (1908) CTiapter X, pp 281-292; Morgan (1907) Ch«pter XV, pp. 

239-252; Robertson (1923) Chapter X. pp. 260-272. 


Si S- 
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mray species (rf animals, that the metaboMc gradient is cktsely oorrelatod 
with the iriectrica) p<rtential gradient Regarding this correlation he 
taid {19K^'“In general, in animals the higher hnreis, i.e, the levels 
of more intense activity, of higher rate of oxydation, are electronegative, 
galvanometrically, to lower levels.” (pp. 87-88).*’ Therefore, it may 
be said that the gradient of the electrical potential represents that of 
the metabolic rate, and my own dsservations showed that die electrical 
potential gradient is cotrelated with die heat-shortening gradieitf, so 
far as the earthworm is concerned. 

On comparing the facts mentioned above, it seems highly probable 
that the heat-shortening gradient is also associated closely, with that 
of tissue differentiation as well as that of metabolic activity, though 
not directly. To say these apparant correlations, existing between all 
gradients so far studied, indicate true causal physioiogical conmctions 
among each other we need far more evidence that we have now from 
dih'erent anodes- 

As already known in general, for a long time, die heat rigor is 
not true death, but a state of temporary rigidity and a tetanus condi- 
tion of die tis-sues, from which tissues may be return to a normal 
condition of life when the temperature is not raised above this point 
and is shifted towards the optimum under favourable conditions. 
Death is likely to occur at a few degrees above the teagwratnre of 
this rigid state, and beyond this point recovery is impossibie. So the 
state of beat rigor is not an etemaUy non-recoverable break-down of 
vital activity, but is merely a teuiporaiy standstill of it If it be 
so, the heat-shortening gradient indicates that in the animal body sudi 
a maximal temperature-limit of metabolic activity in tissues differs 
according to the different parts of the body and Vjpas in a specific 
manner in spectes of worm along the axis of |pe body. So this 
gradient seem to signify difEegrenoes of metaboltc siilbdty in dtffeMWt 
parts of the body, in to the habitids or b^aviors of the 

animals tmdor mit yet unvfIM influences. 

Here, in omnection adHtl the heat-rigor gradient, we are reminded 
of NYsySN’s law concarwllW the rigor mortis of the human body. 
Aoeoodiag.to ^his lalti, aftvr the complete cessation of heart bentiiiff, 

die veGant Woklw of £. J. Lum> Ct9X8 a, H the relation batviVon otecUical 
potnalMl aod tlwua vsmiiinUMi Hm been aoourately alaidied. 
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rigor mortis occurs first in the head muscles, next in the neck muscles 
and then in the muscles of the trunk and extremities in sequence 
downwards in the order of the segmentation of the spinal chord ; that 
is, Nysten’s law, so to speak, indicates the axial gradient of rigor 
mortis in the human body, which may be another expression of the 
phenomenon of heat rigor, or heat shortening. 

According to E. Gotshuch (1893), the heat rigor is an incomplete 
and transitional stage of rigor mortis. From' this viewpoint, heat rigor 
and rigor mortis are merely two cases, which appear with some quanti- 
tative difference, in a continual series of temperature effects in the 
contractile tissues, and according to this writer there is no exact point 
at which the heat rigor occurs This last statement may be true 
theoretically, but in practice the determination of the onset point of 
heat shortening can easily be detected with any amount of exactness 
needed. Indeed, according to the imbibition theory of rigor, which 
has been rather recently advanced by Mkios, and voN FORTH and 
Lenk, heat rigor is the phenomenon caused by the imbibition of water 
by tissue substance due to the accumulation of a large amount of 
lactic acid explosively produced there on heating. If this is the real 
case, difference in the onset temperature of heat shortening in tissues 
may be directly attributed to the physicochemical conditions of the 
colloidal behavior of tissue constituents; in other words the heat- 
shortening gradient may be construed as one of the simplest and most 
direct expressions of the difference of the physico-chemical constructions 
of tissues along the axis of the animal body. 

SUMMARY 

1. In chaetopod annelids the onset temperature of initial heat- 
shortening is different in different parts of the body or body wall and 
varies in the form of a gradient along the axis of the body. 

2. Among the forms of heabshortening gradients iq chaetopods, 
there are four types. Two of them are known respectively as the 
monopolar and bipolar types or the primary and secondary types of 
chaetopod gradients, while the other two are quite different from the 
former two and I have named them the third and fourth types, 
respectively. The third type of gradient resembles an inverted image 
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of the bipolar type, that is, in this type the onset temperature is 
highest at about the middle part and decreases gradually towards both 
extremities of the body, having one maximum and two minima. In 
the fourth type, the onset temperature is also highest at about the 
middle part and gradually decreases towards both extremities of the 
body, but near the posterior end is lowest than the anal segments 
and increases again at the very end, so that the fourth type is more 
complex than the others, having two maxima and two minima. 

3. The four types of heat-shortening gradients were noted and 
each type was found to be specific and characteristic for each species. 
Although in general the different groups of chaetopods show a 
characteristic type of gradient, owing to the presence of exceptional 
cases, the causal connection of different types of gradient with phylo- 
genetic advance of chaetopods can not be too strongly emphasized 
until the heat-shortening gradients in embryonic or younger larval 
stages are examined with respect to possible transformations of the 
gradient types during growth. 

4. The heat-shortening gradient is closely correlated with those of 
the content of solid constituents and the electrical potential, the second 
of which in turn, is, according to other invertigators, related the 
metabolic activity. 


This work was carried on under the direction of Prof. S. Hatai at 
the graduate school of Tohoku Imperial University, Sendai, during the 
yeare of 1928 and 1929. It is a pleasure to offer my most sincere 
thanks to him for his kind criticisms and continual encouragements. 
And I wish to express my thanks to Dr. K. Okamuka, Director of 
the Imperial Fi^iery Institute, Tokyo, Mr. E. Kajiyama, Chief-Enginer 
of Ocho Fish-Cultural Station, and to Assist. Prof. S. Kokubo and 
other members of the Asamushi Marine Biological Station, for their 
courtesy shown to me during the course of the present work. I am 
also very much indebted to Dr. A. Izuka, Professor of Zoology of 
Peer’s CoUege, Tokyo, who helped me with the identification of the 
species names of most of the polychaetes employed in this investigation. 

, November 10., 1929. 

Biological Institute, Tohoku Imperial 
University, Sendai. 
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Notes on the Development of a Holothurian, 
Caudina chileriBis (J. MUller).^^ 

By 

Densaburo Inaba. 

Biological Institute, TAhoku Imperial University. Sendai, Japan. 

(With Plates IX-XIV and 13 text-figures) 

The present work deals with the development of Caudina chilensis 
(J. MiiLLKR), an apodous Holothurian belonging to the family Molpadii- 
dae, starting from the egg and tracing up to the larva of about 1 mm. 
length. It was carried out during the last two years of 1928 and 
1929, while I was staying at the Marine Biological Station at Asa- 
mushi. 

Most of the work, such as the artificial fertilization of eggs, the 
rearing and feeding of the larvae and the observations upon them, 
etc., was executed chiefly in the first year and from this a general 
idea was obtained of the course of development of this animal, while 
in the second year the results thus obtained in the first year were 
reexamined and al.so some gaps which were left in the same were 
filled. 

It is generally known that there exist three types in the mode of 
development in Holothurians. 

In the first type the typical Auricularia stage occurs as reported 
by Mechinikoff (1869), Selenka (1883), Semon (1888) and Bury 
(1869 and 1895) in the case of Labidoplex (Synapta) digitata, by 
Selenka (1876) in Holothuria tubulosa and by others in other forms. 

The second type has not the Auricularia stage m the course of 
development and thus the larva is transferred directly to the Doliolaria 
stage as in the cases of Cucumaria echinata (Ohshima 1918, 1921), 
C«. frondoaa (RunnstrSm 1919), Cu. planci (Kowalevsky 1867, 
Selenka 1876, Ludwig 1801) and other Cucumarians. 

The third type is that tecorded by H. L. Clark in 1898 in the 
case of Symipta vivipara {StfoaptiUa hydriformis). The larva of this 

oContributiom from the Marine Biological Stetion, Asamuahi, Aomori-ken No. 52. 
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form is quite distinct from both the Auricularia larva in the first type 
and the Doliolaria larva in the second in being deprived of ciliary 
bands or even of any trace of cilia. 

All the forms which hitherto served as the material of the embryo- 
logical studies in Holothurians were the members belonging to the 
three families only, namely Cucumariidae (Dendrochirotae), Holothun- 
idae (Aspiduchirotae) and Synaptiidae. 

In regard to the family Molpadiidae which includes the apodous 
forms among Actinopoda none of the embryological works have been 
hitherto performed. This fact is due, I think, to the difficulties in 
securing suitable materials. 

It was quite fortunate that I was able to observe on the develop- 
ment of a member of this interesting group, having had the opportunity 
to be endowed with a plentiful supply of materials. Thus I could 
ascertain that it belongs to the second type of development above 
alluded to, and passes through the Doliolaria stage during the meta- 
morphosis. 

I wish to express my sincere thanks to Professor S. Hatai under 
whose suggestion this interesting work was undertaken. To Professor 
S. Hozawa and to Professor H. Ohshima of the Kyushu Imperial 
University my hearty thanks are due for their kind advices and very 
helpful critisisms given me during the course of the work. I am 
also grateful to Assistant Professor S. Kokubo of the Marine Biological 
Station at Asamushi who gave much time to help me in my studies. 

MATERIAI, AND METHOD. 

The materials which served the present investigation were chiefly 
obtained at Moura, a village about 3 miles distant from the Marine 
Biological Station at Asamushi, where Caudina chilensis is found 
very abundantly. 

To secure eggs and larvae of the early stages and thus to determine 
the breeding season of this animal a plankton-net with a mouth of 
0.3 meters diameter was hauled once or twice every week. It was 
tried during the high tide both close to the sea surface and to the 
bottom. 

To obtain sea-water and estimate quantitatively the eggs or larvae 
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contained in it, a hand pump was used. 

Also a dredge of small size was employed for the collection of 
the larvae of more advanced stages which live burrowed in the bottom 
sand. 

In addition to the above the materials were also secured by 
artificial fertilization of eggs in the laboratory. The eggs thus far 
manipulated were reared in either small beakers or in glass dishes. 
These beakers or dishes were tightly covered with glass plates and 
were soaked in a larger glass vessel filled with running sea-water, 
with the hope to keep the temperature of the feeding media as 
constant as possible. In the experiment of 1929, the temperature of 
the feeding media thus far obtained was nearly constant showing 
13.7’±0.o°C., for the first ten days of observation. During that 
period the fertilized ova developed up to larvae of about 1 mm. length. 

For the killing and fixing eggs and larvae Flemminu’s chromo- 
aceto osmic mixture and the sublimate-formol were used. Nawashin’s 
chromo-aceto-formol mixture gave good results in fixing the material 
for the observation on chromosomes. To cut the section, both the 
paraffin method and the celloiden-paraffin were employed. Most of 
the sections were cut of a thickness of .5-6/^ and only in a few 
cases, such as to observe the chromosomes in egg, they were cut into 
8/i thicknesses. 

To stain the sections Heidenhein’s haematoxylin and organe-G 
were used combined and the safranin and Ehrlich’s haematox>lin 
were also tried and were found able to obtain gcwd results. 

The graphical method was used for the reconstruction 

BREEDING SEASON 

To define the breeding season of this animat the investigation of 
the plankton was tried and thus the eggs were first noticed on May 
21st, 1928 and on May 29th, 1929. Here I would like to mention 
that the eggs as welt as the larvae of Caudina chilensis are easily 
distinguished from those of others on account of their brownish-red 
colour (PI. IX, fig. 1). . 

In 1928 either eggs or larvae were noticeable every day during 
the period extending from May 21 up to June 15, while it was from 
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May 29 up to June 28 m 1929. It was also observed that after the 
said period there appeared neither eggs nor larvae in the plankton-net. 

In the sea-water taken by the hand pump the eggs were found 
once on May 21, 1928 and the larvae also once on May 31 of the 
same year. 

The results obtained from the observation of the plankton are 
mentioned in more detail in the following table. 


Table 1. 


Efiffs or larvae of Caudtna chtlensu obtained by 



Plankton-net 

Hand Pump 

(1928^ 




No. of eggs or 
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Judging from the facts obtained from the observations made on 
the larvae hauled by the plankton-net at different times of the day, 
the spawning of this animal seems to take place naturally during the 
period of high tide which follows the low tide occurring in day time. 


Table II. 


Date 

Time at which 
the plankton-net 


Time of liigl, tTJeT) in the 

second period 

(1928) 


beginning 

highest 

May 21 

3. p. m 

unsegmented egg 

11. am 

6. p m 

28 

9. am 

5.30 p m 

blastula 

gastrula 

11.80 a m 

6 p. m 

24 

0. a m. 

3. p. m 

later gastrula 
eggs of unsegmentcd 
or 4-ce1l stage 

1.40 p m 

7. pm 


1.30 a m. 

blastula 




5. a m. 

blastula 



20 

8.30 a m. 

blastula 

3.30 p. m 

10. p m. 


noon 

active blastula 




11. p. m 

eggs of about 
16-cell stage 




8. a. m. 

blastula 



27 

2. p. m. 

active blastula 

4. p.m 

10 p m. 


0. pm 

eggs of 2- or 
4-celI stage 




8. a. m. 

gastrula 



28 

1. p. m. 

gastrula 

4. p. m. 

11. .30 p m 


7. p m' 

* later gastrula & 
unsegmented egg 




On the other hand the observations on the spawning habit of this 
animal also were made during the breeding season. For this purpose 
some full-grown animals repTesenting males and females were kept in 


OITjc time of high tide ii referred to the record given by the tide-gauge at 

Kukuriuka new Aaamuihi. 
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a glass vessel'^ They were collected at Moiira, above mentioned. 
The modes of shedding off the genital elements are nearly the same 
m both sexes, keeping their bodies and tentacles entirely quiet. The 
spawning lasts usually for half an hour but it is prolonged, rarely, up 
to three hours. 1 have had the chance to observe the phenomenon 
nine times, i. e. six times in 1928 and three in 1929 and the most of 
them occurred in the evening not later that alxiut 10 o’clock. 

From these facts above alluded to it may be concluded that the 
breeding season of this animal, in the vicinity of Asamushi, begins 
about the middle of May and extends up to about the last day of 
June, and it is also recognized that the spawning occurs most fre- 
quently during the period <*xtending from late May to early June, 
when the temperature of sea-water is measured at i;i..5°-lS‘’C 

GENITAL ORGANS 

Genital papilla. — A short conical genital papilla measured 4.5- 
8.0 mm. in length is situated near the base of the tentacular crown 
along the mid-dorsal line and it is of yellow tint in the adults. This 
papilla is lacking m a specimen smaller than 100 mm. long. When 
the spawning comes to an end, the tip of the papilla looks red in 
colour in both sexes, probabl> owing to the congestion of the red 
blood in it. But this colour disappears gradually and within two or 
three days it recovers the ordinary < olour. 

Female gonad. — In full-grown individuals the ovarian tubules are 
transparent and are yellowish-brown in colour containing numerous 
dark-brown eggs of various sizes and thus they may be easily distin- 
guished with the naked eye from the male gonads, to be mentioned 
later on. The full-grown ovarian egg is slightly flattened and is 
attached by its broad surface to the wall of the ovarian tubule or to 
that of the blood vessel of the ovary. It contains a large quantity 
of cytoplasma, and a large and spherical germinal ' vesicle (nucleus) 
(PI. X, figs. 6, 7, 8, 9, N) carrying many germinal spots (nucleori) 
(PI. X, figs. 6, 7, 8, 9, no). The germinal vesicle lies in the eariy 
stages of development in the centre of the egg cell, while in the later 

OThis manipulation is the so called “live-box method” and was used by SeCENKA, 

Edwahus, Ohshima and others in obtaining the larvae of the Holothunan. 
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stages it is eccentric, sitting near the free end of the same (PI. X, 
fig. 9). The number of the germinal spots is gradually decreased 
changing in number from about 10 into 2-3 after the increase of size 
of the egg (PI, X, figs. 6, 7, «, 9). 

The intravitelline membrane (PI. X, figs. 6, 7, 8 , iv) is recognizable 
in all stages of immature eggs as in the case of Caudtna arenata 
(Gerould, 9, PI. 6). When the egg grows and attains a diameter of 
0.2 mm. or more a minute conical process of cytoplasma, called the 
micropyle appendage (Oh.shima, 26, p. 183), begins to appear at the 
centre of the free surface of the egg (PI. X, fig. 8, ma). This appen- 
dage becomes more distinct when the eggs are more grown and when 
they have the gelatinous space between the egg membrane and the 
follicular epithelium (PI. X, fig. 9. ma). Geroui.d (9, PI. 6, figs. 88, 
89) has observed this peculiar structure at the earliest stage of the 
immature egg in Caudtna arenata, but in the case of Cucumana 
echinata, Ohshima (26, PI. 8, fig. 3) has observed it in the full-grown 
eggs only. 

Male gonad. — In the breeding season the genital tubules of the 
male are filled with ripe spermatozoa and appear yellowish white in 
colour. In the cross-section of the ripe male gonad, some largo cells 
are to be found close to the germinal epithelium, they may be pro- 
bably assumed as spermatocytes (PI. X, fig. 12, spc). Those cells 
measure 0.008-0.01 mm. in length and their large oval nuclei are 
0.004-0.(X)6 mm, in diameter. 

The features of a spermatozoon are the same as those of other 
Holothurians figured by Joukdan, Field and Ret/.ius. In Jod-Jod- 
kalium preparations the spermatozoon shows a small round acrosome 
at the anterior portion of the head and a crescentic middle piece at 
the posterior-most portion of it. The head is 0.004-0.005 mm. long. 
The spermatozoon also has a long tail, measuring 0.04 -0.06 mm. in 
length. 

The fully matured spermatozoa are to be seen through the season 
extending from the middle of September to late May. They are all 
spawned at one shedding when the breeding season arrives. The 
same phenomenon was also observed in the case of Caudtna arenata 
(Gbrould, 9, p, 179) and of Siichopus japonicus (Mitsukubi, 20, p. 7). 
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FERTILIZATION AND MATURATION. 

The eggs which are spawned will float on the surface of sea-water 
when its specific gravity is 1.0228 at 15”C. and 1.024 at 4°C. The 
weight of a single egg is calculated at about 51 x 10 " grams. Each 
of the eggs is ellipsoidal in shape being slightly flattened in the animal 
pole, as in the cases of Cucumaria echinata (Ohshima, 26, PI. 8, fig. 
4) and of Cu. normanii (Newth, 24, PI. 1, fig. 1). The average 
length of each of the three axes measured in 15 specimens is 

0. 5718 mm., 0.4920 mm. and 0.,3855 mm respectively The eggs are 
naturally shed when the eggs arrive at the stage of metaphase of the 
first maturation division (PI X, fig 10) as m the case of Thyone 
briareus reported by Ohshima (27, Tab. 1, fig. .5). 

The chnimosome number of this species has been estimated to be 
fourteen in the heterotypic (PI. X, fig. 11). 

Fertilization. — When the spermatic fluid is added to the sea-water 
which contains the floating unfertilized eggs there occurs, probably, 
fertilization, and the eggs soon sink to the bottom, but m a short 
time they float again as before or are suspended in the feeding sea- 
water. In such eggs the fertilization membrane may be clearly observed 
around the egg body leaving a transparent layer 0.96-0.07 mm. thick. 

Maturation. — The maturation division will take place after the 
fertilization was performed and thus the extrusion of the first polar 
body occurs within about one hour as in the cases of Leptosynapta 
inhaerens (Runnstrom, 30) and of Thyone bnareus (Ohsrjma, 28). 
The second polar body is constricted ofl" within half an hour after 
the extrusion of the first polar body and then the first polar body is 
divided into two thus pi-esenting three polar bodyies in all (Text-fig. 

1, c. pb'. 


GENERAL EMBRYOLOGY, 
a. Cleavage. 

The cleavage is total and approximately equal as in the cases of 
other Holothurians, however, in most cases the eggs are divided 
irregularly and only in a few cases they are segmented in a radial 
manner when observed at the early period reaching up to 32-cell 
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Stage, The first cleavage begins 
in about two hours, then the 
second occurs within 30-50 
minutes following the first. 
The first two cleavage planes 
are usually meridional, crossing 
perpendicularly and thus the 
egg is divided into four ap- 
proximately equal blastomer- 
es (Text-fig. 1. a). The third 
cleavage is equatorial and thus 
the egg bears eight blastomer- 
es, however, in most cases 
the blastomeres are not formed 
simultaneously (Text-fig. 1. b) 
and then there appear often 
some eggs consisting of three 
or six blastomeres. When the 
cleavage has advanced and 
when the egg has passed its 
8-cell stage, the blastomeres 
begin to show to some extent 
a spiral arrangement (Text-fig. 
1. c). The succeeding segmen- 
tations after the third could 
not be traced clearly but it 
seems to be sure that they 
are not strictly regular as in 
the cases of Cveumaria saxicola 
and Cu. normanii (Newth, 24). 

The blastula is of a solid 
type, its blastocoele containing 
some numbers of cells which 
were formed by the prolifera- 
tion of the blastoderm eells 
(Text-fig. 2). 




Tpxt-lig. 1. Early stages of the egg of 
Caudina chiltuia in segmentation, x 100. 
a. 4<eH stage! b. about 8-cell stage; c. 
the fourth cleavage at the 4th hour. pb«« 
poier body. 
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At about tike 1^ 
hour a number «f Ibf 
wrinkles which are ao- 
called egression tracts 
Text fig i 4 5 etc) 
begin to appear Pn the 
surface of the bla^pJlu 
They correspond ha 

number to tibe fdidhi 
formed by the 
nation of the blasto 
derm Each of the 

folds first appears as a 
small intercellular space 
among the blastoderm cells (Text fig 4 a) The egression tracts 
increase in number from 3 to 18 with the advancing stages of deve- 
lopment of the egg The most characterist c features of the wrmkled 
blastula are observable at about the 19th hour (Text hgs Sab 5 b) 
Some of these tracts are divided at both ends and appear in the 
manner of a figure X be ng measured about 0 1 mm long and 0 13 mm 
deep (Text fig 3 al Finally the tracts will be decreased m their nutpber 
in accordance wrth the closure of the folds at tbeir bases (Text fig 4 d) 
Thus the superficial tracts disappear and the surface of the blastoderm 
becomes smooth again at about the 24 hour stage (Text*% S c) 
and at that time it is observable that the cells of tli6 
increase in number and are arranged in five or six layers. tybvt 
reached at the stage above mentioned acquires cilia 001iMh02iDm 
long placed all over the blastoderm A few of the f Ids which were 
seen in the wrinkled blastula often remained in the blas(;ocoele (Text 
fig 6 1 each as a small mass enclosing a lumen inside until about 
the two or three day stage 

At the stage of the 29th hour the larva emerges from the egg 
membrane rotating dowly along its long axis mostly m a cdockwne 
manner The larva which has just emerged from the egg membrane 
is slightly smaller than the egg measurmg 0 51 mm long and 0.42 nrai 
wide 



Text fig 2 Cros* cection of th arly 1 las ula 
t>f Caudtna chtleruu at the 8tb hour xl50 
bl^Uastocoele em egg membrane 







the 12th hour: 
ilastoroelc, bicn 
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c. Gastrulation and F^ipleurula " 


At about the 33rd hour, gastrulation takes place and the invagi- 
nation first appears at the vegetative pole (Text-fig. fi, a). The 



h I l> 


Texl-(iK 6 The Kastiiil,i of Cauilina ihi- 

d median sf < lion of the Kiistnilu at the .itnl 
houi X Sl.'i 

xtraittht urehenteion ut the 47th houi x7.'i 
ar -arrheiiteron, hi hlasttH oele, hip hlslo- 
ix.rc, me - inesem hvme rell 

'^Ohhiiima, 25, p :{H0, 26, p 199 


archenieron thus far pro- 
duced giadually increases 
in length in accordance 
with thi' growth t>f the 
larva Text-fig (i, h). At 
the end of the second day, 
the arclienteron attains a 
length longer than the half 
of that larva, and its (los- 
(eiior half begins to bend 
toward one dirwtion. In 
this stage, somi' cells at the 
anl(‘iioi enti of the archeri- 
teron an* liberated into the 
lumen of the latter and they 
are destined to he future 
liltMid corpuscles Text-fig. 7, 
If) 'Then tin* archenteron 
IS twisted and is constriett'd 
into two parts, the flat ex- 
panded hydro enterocoele is 
anterior and the tubular gut 
IS poslcMoi (PI. XI, figs, 13, 
17, hye, g) Then the gut 
is separated fi-om the hydro- 
enterocoele within 3 1- hours 
and grows .mteriorly taking 
the sinistrorosp direction. 

The hydro-entei-oeoel(> 
begins to ht* constricted 
transversely at a level a 
little beyond thi‘ m-ddle. 


II^VtlXHnfEMT OF C&0D1N4 CHItJmSlS 


Tlie loMienor pwt ©f the 
hydnmiteroooele thus form 
ed glows towards the 
right side, whde the pos 
tenor one which is destined 
to be future enterocoeles is 
going to be divided into two 
parts, right and left as its 
dorso-postenor end The an 
terior part of the hydro en 
terocoele grows ventridiy and 
is destined to be the future 
hydrocoele, and It also gives 
rise to a number of lobes 
to become future tentacles 
at Its dorsal side (PI XI, 
fig 19) Then the hydro- 
coele which carries four 
lobes of the future tentacle 
and rudiments of radial 
water canals is sefiarated 
from the enterocode (PI 
Xll, fig 24) Of the future 
tentacles, the first two lie 
on the right side, the third 
adiich IS smaller than the others lies at sbout the mid dorsal point , 
and the Imjirtfa oti the left side (PI XII hg 21) 

The ppsterlor part of the hydro-entoroc >ele above alluded to is 
thus divided mto the right and left vesicles before it is separated from 
the hy<|ro(90d(B. The antao dorsal ends of both the nght and |eft 
veside come dbse and meet at the mid dorsal line whde the remaining 
parts of (k^ gifow larger and surround the gut 

On (he Ofher i^and, (he domodaoun begins to appear as a depres- 
8400 of tihe ectod^ atlfiioai; Ithe middle of the ventral side (PI XI, 
figl. 21, m; B m % 2S, ft) 

Th|Ht.,4lg^ pQt^nqpOnds to that called by Ohshisia “ Dtpleurula ” 

ht Ihe 4 ^ehmta {2S, p 880, 26, p 199) But ip 



Text-Tig 7 The median frontal section of 
the gastrul i of taudina chdfM 6 to show the 
cells wh ch are pr liferate I from the cella 
located at the anter or end of the archenteron 
and which g v rise to bloo I corf isclea X 150 
ar archinteion blp-^ I lastocoele fc-" blood 
c irpuscU me mesenchyme ells 
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the present species it is not clearly distinguishable from the next 
Doliolana stage in the features of cdwtion 

Such larvae swim immediately below the surface of the sea and 
their size as measured in the living state is about 0 62 ram long and 
0 43 mm wide 


d Cihation of the Ectoderm 

At the end of the second day the surface cf the larva is uniformly 
covered with cdia and this state is retained even after the larva has 
emerged from the egg membrane until about the 48th hour (Text fig 





Text fig 8 Showing the mode of fonnation of ciliary band m the 
larva of Catuhna ehtlenat* xfOO 

a c, d the larva viewed from the ventral aide b the Mine 
from the left tide. tt»atoiiiodaeum 



viewed 
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8, a). Then the untform arrangement of cilia will be disturbed. This 
disturbance first occurs at the ventral side and afterwards spreads 
towards the d(»sal (Text-fig. 8, b). At about the 55th hour, one or 
very rarely two transverse ciliaiyr bands appear surrounding the middle 
of the body (Text-fig. 8, c). Thus the cilia occurring on the surface 
of the larva are now grouped into three parts, i. e. those of the 
preoral lobe, those forming a ciliary band and those of the posterior 
end of the body. When the larva is more grown the cilia occurring 
at the posterior end of the body are arranged in a transverse band 
surrounding the anal field (Text-fig. 8, d ; PI. IX, fig. 1), while those 
of the preoral lobe gradually disappear in accordance with the growth 
of the stomodaeum. The cilia begin to degenerate when the larva 
has attained the Pentactula stage and thus the locomotion of the 
larva becomes gradually inactive and finally it sinks to the bottom. 

e. Doliolaria. 

ITie larva of this stage shows the characteristic external features 
appearing like a barrd. It is reached at about the 72nd hour and 
lasts until the fifth day. At the beginning of this stage, a syncytium 
of the ventral ectodermal plate (PI. XII, figs. 26, 30, ve) is observed 
surrounding the stomodaeum and facing the blastocoele. Some of 
the cells forming this plate are differentiated into the cells which 
construct the central nerve ring (PI. XIII, figs. 34, 35, nv) while the 
remaining cells are transferred into the ectodermal cells of the tentacles. 
Each of the radial nerves which bears a semicircular epineural canal, 
and which arises from the nerve ring above mentioned runs posteriorly 
along the outside of each radial water canal (PI. XIII, figs. 35, 36, 
37, nr 1-5). At the end of tbb stage, the radial nerve is shorter 
than the radial water canal and duis the posterior end of the form^ 
does not yet readi to that of the latter (PI. XIII, figs. 37, 38). 

The differentitatibn of the hydroooele begins at the end of the 
third day and thus it is divided into the following components, (Text-fig. 
9; PI. XII, fig. 23) i.e„ the ring canal (Text-figs. 9, 10, ri), five 
primary tentadhs of which 'one is rudiments], one closed pore canal 
(PI. XII, figs. 28, 29, 30; Text-fig. 9, pc) which is to be transferred 
into the stomreaiud In hitdie, one Idie-like structure destined to be 
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the future Polian vesicle (Text-fig. 9, Pv) and five rudimental radial 
water canals. Here it will be explained more precisely about these 
components. The canal which is destined 
to be the future ring canal is not yet 
completed as to form an entire ring 
but presents a shape like the figure C. 
If it is divided by the mid-dorsal Ime 
into two halfs of right and left, the 
right half bears two primary tentacles 
and two rudimental radial water canals, 
while the left half, which is larger than 
the right, carries three primary tentacles, 
one lobe to become the future Polian 
vesicle and three lobes of rudimental 
radial water canals. If the five primary 
tentacles are demonstrated as to their 
position, the first is right ventral, the 
second IS right doisal, the third is left 
dorsal lying close to the pore canal, 
the fourth is alsti left dorsal but occur- 
ring more ventrally than the third and 
the fifth is much smaller than the others 
and forms the left terminal portion of 
the ring canal together with the rudi- 
mental Polian vesicle and the mid-venlral radial water canal. 

Of the five radial water canals, the fifth, lying mid-ventrally, was 
refered to above, while the remaining four are still small and lobe-Jike 
(Text-fig. 9, remh 

The free ends of the ring canal approach nearer and at last come 
to contact with each other at a point a little right of the mid-ventral 
line, and at the same time the fifth tentacle, which was formerly 
small, now grows as large as the others. These fivje primary tentacles 
above alluded to begin to turn their tips towards the atrial cavity 
(PI. XIII, fig. dd ; PI. XIV, fig. 39, at). When this stage is advanced 
these tentacles are attached to the ring canal in such a manner as 
mentioned below (Text-fig. 10). The first and fifth are situated at 
each side of the mid-ventral water canal, their lumen being corn- 


el 



v 

Text-fid 9 Dianram show- 
ind tho principal organs to be 
seen in the early Doiiolana stage 
in Caudina chtlensts 
d = dorsal side, enl — loft entero- 
coele, enr- right onterocoele, 
g — gut, pc=pore canal, Pv- 
Polian vesicle, rom-mid-vcntral 
radial water lanal, ri-ring 
canal, ti- n -primary tentacles, 
v = ventral side 
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municated with that of the latter (PI. Xlll, fig. 35). The third and 
the fourth occur at each side of the left dorsal radial water canal 
and their lumen communicates with that of the latter (PI. XIII, fig. 
34). Lastly the second is placed at the base of the right dorsal 
radial water canal, its lumen being communicated with that of the 
latter. Thus no tentacles are set m connection with the left ventral 
radial water canals as well as the right ventral of the same (PI. XIII, 
fig. 32). 

The pore canal is not yet opened to the exterior at the beginning 
of this stage (PI. XII, fig. 28). But on the fifth day it grows dorsally 
and is communicated to the exterior by means of a dorsal pore (PI. 
XIII, fig. 37). 

The lobe of the rudimental Polian vesicle develops into a pear- 
shaped Polian vesicle (Text-fig. 10. Pv) and is attached to the inner 
side of the ring canal between the fourth iind the fifth tentacles. 

The two enterocoeles which were first separated from the hydrocoele 
develop ventrally with their ends approaching to meet at a short 
distance from the mid-ventral line in the left and thus they surround 
the gut at last. Of the enterocoeles the ventral end of the left comes 
inside of the right and the outer wall of the former is set in contact 
with the inner wall of the latter (Text-fig. 10). Of these contacted 
walls fusion occurs only in the anterior-most portion, while the rest 
remain as the ventral mesentery. The dorsal ends of both entero- 
coeles also Come into contact with each other and thus the dorsal 
mesentery is formed. The dorsal mesentery (PI. XIV, fig. 44, mt) 
holds the anterior part of the gut, being attached along the mid-dorsal 
line of the latter, and the ventral one holds the posterior part of the 
gut which coils once before reaching the anus. 

The stomodaeum grows inwards and its posterior end reaches to 
the anterior end of the gut. Its opening to the exterior is situated 
at first betweien the preoral lobe and the ciliary band at a point slightly 
left of the mid-ventral line, as in the cases of Cu. echinata (Ohshima, 
25, 26) and Cu. nomanii (Newth, 24). At the end of this stage 
the stomodaeum is situated at the lower part of the preoral lobe. 
At the end of the third day, the gut runs in nearly the same manner 
as in the adult. It runs at first posteriorly reaching to the half of 
the enterocoele, then turns forwards attaining the anterior-most part 
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of the enterocoele, then again runs towards the end of the body 
terminating at the anus. 

The calcareous deposits begin to appear at the latiT part of this 
stage. 

The larvae of the later Doliularia stage above dciilt with were 
obtained in most cases by means of a plankton-net 

f. Pentactula 

The larva attains to this stage in the sixth day tind it was observed 
to be retained until about the twentieth day (PI IX, fig 1 , PI. XIV, 
fig 39). 

The five radial nerves increase their b'ngth and their extremities 
reach to the end of the 
d radial water canal (PI. 

XIV, fig. 45). 

Up to this stage, 
the tips of the tentacles 
were thickly covered 
with ectoderm and were 
simple, but at the end 
of the sixth day each 
of them is divided into 
two digits (PI. XIV, fig. 
39). The five primary 
tentacles which thus 
bear two digits are seen 
to be protruded to the 
exterior through the 
atrial cavity and again 
V to be with-drawn. 

Text-fig 10 Diagram showing the principal or- Tha radial Water 

g»n» to be seen in Ihf Pentactula stage in Caudtna Canals arc more grown 

cAttcnsis and their tips reach to 

d — dorsal side4 enl-^left enterocoele, enr^nuht .i ^ - 

enterocoele, g=gut, pc -pore-canal, Pv-^Pohan ^ erior end of 

vesicle, rcm=mid-ventral radial water canal, ris= body, 

ring canal, ti-r,=primaty lentaclc.<i, v=ventral side. The madreporic ve- 
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si(l(' which first arose from the port-canal near its liase, now has 
imieasi'd m si/e and is deslint'tl to become the future madreiioric 
body (ri XIV, fin. 39, 15, nul) 

The doisal port' which tommunicated with the exterior at the end 
of the lJr<'(eflln^; Doliolaii.i stajte is closed a^ain at this stafie at about 
the end of the ninth day, before the laiva begins to sink to the bottom 
of lh<- sea burrovyinf» in the sand. 

The cntcriM oel<> and the >rut do not show any charactei istic 
< lianges to lie spec lallj demonstr.ited duiinK the present sta^it' 

In at coi dance with the nioyvth of the btitK and with the decrease 
m si/e of the pieoial lobe (1*1 XIV', .39, I’ll), the stomodaeum 
IS lemoyed anterioilv in position and linally it tomes to the antciioi 
end of the body as shoyvn in the t ases of Cuaimaria ftondo-^n and 
/*so/h.s phnntnpu'^ (.1 & S Ri'.wsiitoM 29, Text (i>; 25) 

At about tht' ninth day, the pentat tula laiyae iievtin to sink to the 
bottom of the sea and to cteep by int'ans ol then tentacles The 
larya of this st.i^t* measurt's about I) 913 mni lon>j and 0 193 mm yyide 
Judninn tioni the rt'sults ohtamt'd lioni the experiment, it is hijjlily 
probable that the lat\a huiioyys into bottom sand on <ihout the temth 
day <md the laixai' aie letamc'd m the' s<ime sia^c' for ten mort' days 
in the sand 

Mere It IS neccssaiy to mention the fact that 1 y\as not able to 
find any liace of pedicels oi c'ycm of the pedicel can.d throunh all the 
larval stages of the- pic'scmt species 

The I’entactula l.iryac', together \yith laryae of the preceding stages, 
are opaejue and ate* biownishied in colour as seen in thi' case of 
the egg 

g Young 

'I'lie feeding of the young was continuc'd from the' 25th of May 
until the 20tli of July in 1928 and from the 30th of May until th>' 
2nJ of August in 1929. Hut 1 was not able to obtain the young ol 
more advanced stage than that whicdi Imars four sc'condarv tentacles 
in addition to the five primary tentacles And the' l.irvae' thus far 
reared are smaller in si/e than those naturally produce'd The young 
which were' eollected from the se'a bottom at about the middle of 
June were all those bc'aring the lifte'cm tentacle's, each of which 
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carried four dibits at its tip Of these four digits, two are primary 
while the remaining two are smindary which were jiroduced at the 
base of the first (Te\t-hg 11, dt„ dt 2 ). 



'Icxt-lig 11 Fronlal view <>f lh<' nioulh parts of thr 
vimnx of Cttudma <A//<n.MS showiiiK tli< formation of llic 
socondaiy (liKits (ilPi) at tho base of the primart (iltil V!0 

The integument of the young is translucent and thus most of the 
internal structures are obst'rvable through il from the outsiile. 'I'he 
brownish-red tint which was seen in the laival stages is retained only 
in the alimentary canal. 

CKOWTll IN nil Mltsl YKAH 

When the young is liurried in the sand it swallows the sand within 
its intestine in great abundance and the body is thukly clothed with 
sand grains all over its surface (PI IX, fig 1). As it is very difficult 
to remove these sand grams both insidt' and outside o'f the body, the 
weight of the young could not be measured, though the volume was 
determined by mea.suring its diameter’^ and length”^ under a fully 

‘ITIio (tiamolcr is mfa>iiirp(l dlonn the wiifesl part of tho ImmIv 

"JTho IrriKtb is mcasuicil liy the distumi from iho busi- of the tcntaclos lo Itie 
pioxmuil end of tbe lad 
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expanded condition in the sea-water. 

Mitsukuri (20, pp. 13-16) applied the formula length x breadth* 
to determine the approximate volume of Stichopus japoniciD>, and 
Edwards (8, p. 2^19) used the formula in the cases of Holo- 

thuna arta and H. flortdana for the same purpose. The shape of 
the anitnals of these species, however, differs from that of Caudina 
chilensis, being destitute of the tail portion. So I have applied in 
the case of the present species the formula of an ellipsoid, V~4/3~ 
abc or 1/3 t: (J diameler) ' x length 


£ 

E 



12 Curve to show the growth of tlio ^■oun^! 
of f’audina rhdpmis, which were reared bv the nrtifirinl 
fertilization of the cgK 

Tliough the young which were reared in the laboratory room 
were much smaller than those reared naturally in the sea, thev pre- 
sented the data given in the Table III. concerning their volume. 

To measure the volume of animals grown under natural conditions, 
specimens were collected at the same spot in Moura Bay at intervals 
of ten days during the period extending from the llth of June to 
the 29th of November of 1928. The results thus far obtained art- 
shown in Table IV. and in Text-fig. 13. 

Recently Yamanouchi reported a formula Ws=().03422 L to repre- 
sent the relation between the bod> length and the weight in the case 
of the present species. In this formula L is body length in cm. and 
Ws represents the body weight including the sand within the intestine 



238 


D . INABA 


Table III. 



No of 
animals j 


1 Average 

IVolume ralrulated 

Age in days 

length (L) 

1 diameter (2 t) 


Egg>5 


0 61 

o;42 

1 0.063 

1 0.047 


1 

0.1)2 

1 0.4;! 

1 o.oeo 

4 

2 

0.71 

: o.4'< 

1 0.087 

6 

1 


0 47 

, 0.101 

15 

1 6 

o.’sfi 

1 O.c-l 

' 0.187 

25 

1 4 i 

1.28 

, 0 f)f. 

0.210 

35 

1 2 


! 1 ..w 

1 2.827 

46 

' 2 j 

.3,06 

1 1 4" 

1 3.1.30 


(34, p. 338; p. 346). But it must l><> remembered that the formula 
is only applicable to the young not heavier than 32 grams. 1, too, 
have measured the weight of this animal using the formula given by 
Yamanouchi and obtained the results also shown in Table IV. and 
Text-fig. 13, 

As it is clear from the table and text-figure, these two results 
seem to coincide pretty well and equally show that the animal grows 
rapidly when it passes the stage in which all of the fifteen tentacles 
carrying four digits are completed. 


Tabi.e IV. 


Date 

No. of 

Average 
length (1.) 

Average 
diameter (2r 

Volume cal- 
lulatcd f4/.8r:r* 

Weight cal- 
culated (Ws--^- 
0.03422 L') m 




in mm 

X J L) in mm' 

milligrams 

n 

1.8 

1.91 


0.8) 

0.24 

21 

8 

.8.41 

1.62 

4.11 

1 ..86 

July 2 

11 

4.4.8 

1.90 

4.47 

2.97 

11 

19 

6.61 

1.71 

8.46 

6.02 

21 

28 

0.21 

2.89 

39.87 

26.71 

.81 

24 

11.08 

3.62 

79.11 

66.76 

Aug. 10 

40 

13.22 

.8.66 

91.61 

79.00 

20 

.86 

11.36 ' 

3.26 

84.67 

64.63 

Sept 0 

80 

13.02 

3.90 

10.8. 6» 

76.58 

20 

.80 1 

11,71 1 

3.79 

87.71 ! 

66.06 

Oct 11 

36 

13.98 

4.47 

140.70 

92.43 

21 

17 

! 16. .88 

4.62 

1 176,30 

160.14 

Nov. 6 

16 

14.26 

4.16 

1 127.63 

08.84 

2» 

24 

18.66 

6.07 

i 248.77 

218.64 


OTbe volume of the ogK is calculated by the same formula measuring its three 
axes 
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ihilemts which wcic obtained at Moura 


DISCUSSION. 

The egn which sinks in the feeding medium of sea-water, was 
reported in Holothuria fluridana (Edwards, 16), H. tulmlosa (Ski.enka, 
31), Cwumaria echinata (Ohshima, 25, 26), Cu. kirchsfxrfdt (Kow- 
ALEVSKY, 12), Thynone hriareus (Ohshima, 28) and that which floats 
on the same was reported in Cu. planci (Sei-ENKA, 32), Cu. frondosa 
and Psolus phantapus (Ronnstr6m, 29). The specific gravity of the 
egg of Caudina chilensis is about 1.024 and thus it floats on the 
surface of sea-water which has the salinity greater than 30.9.^. The 
larvae of Holothurians are mostly obtainable either by the live-box 
method or by taking them out directly from the coelom or the brood 
cavity of the mother animal in the viviparous habit. And thus they 
differ from Asteroidea and Echinoidea, the larvae of which are easily 
reared by artificial fertilization. In Holothurians the artificial fertiliza- 
tion was successful only in a few cases such as reported bv Morten- 
SEN in Holothuria nigra (22), H. sp., Stichopus hefersteiniii and St. 
califomicus (23) and by Courtney (5) also in St. califormats, while 
many other investigators, however, did not succeed in performing the 
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same. In the present species both the artificial fertilization and the 
live-box method were equally successful, when a fully ripened egg was 
obtainable in the former case. 

The cleavage in the Holothurian egg, except in a case of C«cu- 
maria glasiahs (Mortensen, 21) which is segmented superficial, is 
generally total and is mostly equal and radial. In this species it is 
total but is of a very irregular type and thus it makes it very difficult 
to trace the mode of segmentation even in eggs which have passed 
only a small number of cleavages. 

In regard to the wrinkled blastula it was described by Gemmil 
(10) in two Asteroids of Solaster and Ptrrama, and by Masterman 
(19) in an Asteroid, Cribrella oculata In Holothuroidea it was obser- 
ved in the cases of Cucutnana norrnami and Cu. saxicora by Newth 
(24). A similar wrinkled stage was reported also by Dbs Arts (6) 
in Cu. frondosa under abnormal conditions, but it was denied by 
Runnstrom in the case of the same species. All the species which 
pass the wrmkled stage in the course of their development are those 
which pass the solid morula stage before coming to the wrinkled stage. 
But in the case of Caudina chtlensis it comes directly to the wrinkled 
stage, passing the solid blastula stage instead of the solid morula. 

The larvae of Caudina chilensv> emerge from the egg-membrane 
before the gastrulation begins as in the cases of Cucumarids and thus 
it differs from Leptosynapta mhaerens (Runn.strom, 30) and Holothuria 
frondosa (Edwards, 7). In these two species the gastrulation begins 
within the egg-membrane. 

In Caudina chilensis, the formation of the free mesenchyme cells 
precedes the gastrulation as in the cases of Cu. frondosa (Runnstr&m, 

29) , Cu. echinata (Ohshima, 25), .Cu. planci (Ludwig, 16) and Psolus 
phantapus (RunnstrOm, 29). In Synaptiids, the formation of the 
mesenchyme cells takes place at the tip of the archenteron as in 
Labidoplax digitata (Selenka, 32), Leptosynapta inhaerens (RunnstbOm, 

30) and Synapta vivipara (Clark, 2). In Holothnna fiondosa (Ed- 
wards, 7) and H. tubulosa (Seijenka, 31) the mesenchyme cells are 
formed at the tune when the gastrulation begins. Concerning these 
facts Ludwig (16, p. 258) reported that the difference of the time at 
which the mesenchyme cells are formed is due to the difference in 
the velocity with which the development proceeds. Regarding the 
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same problem Ohshima (26, p. 194) mentioned that “ in those forms 
where the mesenchyme formation takes place early the cells are gene- 
rally very numerous and th^ readily fill up the blastocoele, while in 
those where invagination precedes the mesenchyme formation the cells 
are generally few To these reasons above alluded to I may add 
that the difference is also based on the specific characters bearing on 
the phylogenetics] meaning. 

In Catidina chilensis the manner of the development of the archen- 
teron in the gastrula stage and these of the hydrocoele and the gut 
in the Dipeurula stage are almost the same as those seen in the cases 
of Cucumariidae, such as Cu. echtnata (Ohshima, 25, 26), Cm. normanti 
(Newth, 24), Cm. planci (Ludwig, 16), Cm. frondxtsa, Psolus phantapus 
(RitmnstrSm, 29) and also in the cases of Synapliidae, as Leptosynapta 
infiaererut (Runnstrom, 30). 

In Caudina chilensis the differentiation of the enterocoele begins 
earlier than in any cases of other Holothurians such as Cm. echtnata 
(Ohshima, 26, p. 203) and Cu. planci (Selenka, 31, p. 171), and it 
is separated into the right and the left enterocoele before it is sepa- 
rated from the hydrocoele. 

In most species of Holothurioidea it is known that the ciliation in 
the gastrula stage is nearly uniform, and that the Doliolaria larva 
usually bears a number of ciliary bands. But in the case of Cm. 
normanii reported by Newth (24, p. 634) the ciliation was uniform 
not only in the gastrula stage but also in the Doriolaria. In the case 
of Synapta digitata these features are quite different. The gastrula 
of this form is entirely deprived of cilia and the Doliolaria also bears 
no trace of cilia In the case of Caudina chilensis, it is noticed that 
the Doliolaria carries only a single ciliary band. In the case of Cm. 
echtnata, Ohshima (25, 26) has recorded three ciliary bands in the 
doliolaria and m the case of Ca. planci four ciliary bands were reported 
by Kowalevsky (12), Ludwig (16) and Selenka (31, 32). 

In the early Doliolaria stage, of Caudina chilensts, three primary 
tentacles of the five are arranged on the left half of the ring canal 
while the remaining two situated on the right half of the same. 
These features are just the same as those seen in the cases of Cm. 
frondosa (Runn3Tr6m, 29), Holothuria fioridana (Edwards, 7), Labido- 
fdax digtteda (Semon, 33), Leptosynapta inhaerens (Runnstr5m, 30) 
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and Synapta vivipara (Clark, 2). Bui when the Doliolaria larva is 
more grown and when the ring canal is completed, forming the entire 
circle, these primary tentacles are arranged in a manner almost like 
that seen in the cases of Cm. echinata (Ohshima, 25, 26), Cu. frondosa 
(Runnstr6m, 29), Cu. planet (Ludwig, 16) and Psolus phantapus 
(Runnsthom, 29), but different from that in H. luhurnsa (Sej.k.vka, 31). 

The type of development which passes through a typical Auricularia 
stage was described by J. Mullek (1848)'', Metschinikoff (1869)"' 
and Selenka (1883, 32) m the case of Synapta digitata, by Selenka 
(1876, 31) in H. tubulosa, by Mortensen (1913, 32; 1921, 23) in H. 
nigra, H. .tp and St. cahfomteus and by Courtney (1927, 5) in St. 
caltfarnicus. It is observed that the.se forms all belong either to the 
family Holothunidae or the family Synaptiidae 

The type of development in which the larva directly attains the 
Doliolaria stage without passing the Auricularia was reported for the 
first time by Danielssen and Koren (18.59)'’’ in Cu. frondosa and 
later by Kowalevsky (1867, 12), Seeenka (1876, 31 ; 1883, 32), and 
Ludwig (1891, 16) in Cu. planci, by Newdi (1916, 24) in Cu. normanii 
and Cu. saxicola, by Ohshima (1918,25; 1921,26; 1925, 28) in Cu. 
echmala and Thyone briarcus, and by Runnstrom (1919, 29; 1928, 
30) in Cu. frondosa, Psolus phantapus and lx>ptv.synapta inhaerens. 
These forms are all members of the family ('ucumariidae except 
Leptosynapta inhaerens which belongs to the family Synaptiidae. 

In regard to the family Molpadiidae, the type of deyelopment 
seems to remain undeterroinded under such state as reported by H. 
L. Ci,ark (3, p. 1.52) “ Nothing whatever is known of the embryology 
of the Molpadiidae, save that Gerould (1896, 9) has studied the ooge- 
nesis and to some extent the spermatogenesis of Caudina arenata 
By the facts obtained from the present investigation we are able 
to ascertain that Caudina chilensis, a member of the family Molpa- 
diidae, belongs to the type of development which was first reported 
by Danielssen and Koren in the case of Cucumana frondosa and 
thus it passes through the Doliolaria stage instead of the Auricularia. 

It is highly assumable that other forms of the present family will 
also take the course not far different from that of Caudina chilensis 
in their development. 

are cited from the papers of Ludwig ( 15 ) and MacBriijk ( 18 ) 


' • and 
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SUMMARY. 

The results obtained from the observations on the development of 
Caudtna chilensis are summerized as follows. 

1. The breeding season begins, in the vicinity of Asamushi, in 
the middle part of May and ends in late June. 

2. The spawning of the genital products takes place during the 
high tide which succeeds the low tide occurred during the day-time. 

3. The artificial fertilization of the egg was easily and successfully 
performed. 

4. The egg is ellipsoidal in form, mea.suring about 0.57 mm. long, 
about 0.19 mm. broad and about 0.39 mm. high. The specific gravity 
IS nearly 1.024. It is opaque and browni.sh-red in colour and thest* 
features make the egg easily distinguishable fn>m those of other 
Holothunans. 

5. The eggs are laid during the metaphase of their first matura- 
tion division which will take place within about one hour after fertili- 
zation. 

6. The cleavage of the egg is total but is of irregular type and 
the first cleavage occurs within two hours after fertilization. 

7. The blastula is of solid type and in its blastocoele a number 
of cells which proliferated from the blastoderm cells are observed. 

8. The characteristic wrinkled blastula is clearly observed. 

9. 7’he gastrulation first appears at the vegetal pole at about the 
33rd hour. The archenteron is first twisted in the sinistrorse direction 
and finally is devided into three parts which are called respectively 
hydrocoele, enteroaiele and gut. 

10. The Doliolaria stage is noticeable at the end of the third day 
and the Pentactula stage first appears in the sixth day. 

11. Only one ciliary band exists, surrounding the middle of the 
body, while the cilia occur in mass on the preoral lobe and on the 
anal field. 

12. Five primary tentacles are given to rise at about the 72nd 
hour and afterwards their tips are projected into the atrial cavity at 
about the 100th hour. The tip of each tentacle is divided into two 
digits at the end of the sixth day. Two other digits, i. e. the secondary 
digits, are formed at the base of the primary digits when all the 
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fifteen tentacles are completely arranged, at about the middle of July. 

13. The radial water canals begin to appear at about the 72nd 
hour and each of their posterior ends reaches up to the end of the 
body on the sixth day. However, the posterior end of each radial 
water canal remains simple and is not divided at this stage as in the 
adults. 

14. The pore-canal is first noticeable at about the end of the 
third day and it opens to the exterior on the dorsal surface along 
the median line at about the 100th hour. 

l.b. The madrepolic vesicle is first recognized at about the sixth 
day attaching to the base of the pore-canal which arises from the 
ring canal. 

16. The nervous system is deriv<‘d at first from the ventral ecto- 
dermal plate at about the third day. 'I'he nerve ring is observed 
around the anterior part of the gut and at the base of the tentacles 
at the end of the fifth day. At the same time it i» lecognizablo that 
the five radial nerves arise from the nerve ring and run along the 
outer side of the radial water canal. 

17. The right and left enterocoeles form the ctK'lomic cavity, their 
ends being set in contact with each other and forming the dorsal and 
ventral mesenteries. 

18. At the end of the third day the Doliolaria has the gut which 
first runs posteriorly and then anteriorly and lastly again posteriorly 
making a coiled loop, and terminates m the anus which lies at the 
posterior extremity of the body. 

19. The eggs as well as the larvae of the various stages up to 
the Pentdctula were obtainable by means of a plankton-net. 

20. The young of this animal sterns to grow more quickly when 
It has passed the stage in which all its fifteen tentacles are completely 
arranged. 

21. Judging from the facts above demonstrated, it may be con- 
cluded that the present species, though it is -deprivx'd of pedicels 
presents some closer affinities to Cucumariidae than to Holothuriidae 
or Synaptiidae in view of the type of its development. 
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EXPLANATION OF fHE PLATES 

LIST OF ABKEVIATIONS 

an -anus ar=^ archenteron. at =atrial cavity, bl^hlaslocoele Men = central 
blastocoele bip =- blastopore, blpr-- peripheral blastoeoele ■ rv=ro*lorolr cavity, 
cvp-- peripharyngeal part of the coelomic cavity, d-^ dorsal side. dp=dorxal 
pore, dt) -^primary digit of the tentacle. dt.=-secondary digit of the tentacle 
em=-- egg membrane, en ^enterocoele. enr- right enleroeoele. enl-=left entero- 
coele epc=ciTcuiar epineural canal epr=^rBdial epmeural canal et^egression 
tract ' fr = blood corpuscL- or free cell of the archenteron. fl = folllcuIar epithe- 
lium. g»gut. by=hydrocoele. hyeehydro-enteroeocle iv=mtravitellme mem- 
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brane. Ibv- lacunar blood vessel of the ovaiy. l^left side, ma — micropyle 
appendage, md-madreporic vesicle or axial sinus me = mesenchyme cell 
msg^circular muscle of the germinal tubule, mst^muscie of the tentacle. mt = 
mesentery, nv^nerve ring. nr.»radia] nene. nri—j ^radial nerve N-^nucleus 
or germinal vesicle, no nucleolus or germinal spot pc--pore^;anal. pb,— 
polar body, prh — preoral hood, prl^ preoral lobe Pv*»Polian vesicle r=- right 
side, ri- ring canal. rc=^radial water canal, rcm— mid-ventral radial water 
canal, rcld ■- left dorsal radial water canal, rclv — left ventral radial water canal 
rcrd- right dorsal radial water canal, rcrv^^right ventral radial water canal 
spc— spermatocyte spz^- spermatozoa, stc^stoniodaeum sy*=^ syncytium t — 
primary tentacle. t|.>:^primary tentacle in right ventral interradius. tj— the same 
in right dorsal interradius h^the same in mid-dorsal interradius t4"=thesame 
in left dorsal interradius ts^the same in left ventral interradius. v --ventral 
side ve -ventral ectodermal plate w^wall of the germinal tubules 

PLATE IX. 

Fig. 1 The Pcntactula stage of Caudina chtlensts (J Mtb.LKR), viewed from 
the ventral side. x75. 

Fig. 2 The young with seven tentacles, about ten davs after it has burrowed 
in sand, viewed from the right side x35 
Fig. 3 The same with nine tentacles, ten days after it has passed the stage 
mentioned in fig 2, viewed from ventral side x35 
Fig. 4 The same with fifteen tentacles obtained at Mourn on July, 16 in 1928. 

It is thickly clothed with sand grains, x 7 5 
Fig 5 The same, from which the sand grains were removed, showing the 
internal features observed, through its translucent integument, viewed 
from the dorsal side x 7 5 

PLATE X. 

Fig. 6. The very young ovarian egg x450 
Fig 7. The more advanced stago of the same. x220 
Fig 8. Immature ovarian egg, cut mendionaily. x220 
Fig. 9, The full grown ovarian egg, cut meridionally. xl50 
Fig. 10. Newly-shed egg in meridional section xllO. 

Fig. 11. The same showing the chromosomes m the first matulation division 
X12O0. 

Fig. 12 Croas-sectlon of the male gonad. xllOO. 

PLATE XL 

Fig. 13. Early Dipleuiula «t the 64th hour, viewed from the ventral side; recon- 
structed. xllO. 

Fig. 14. The 17th longUudilwl section of fig. 13, cut along the plane 17. x 110. 
Fig. 16. The 23rd longitudinal section, cut along the plane 23 in fig. 13 x 110. 
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Fig. 16. 
Fig. 17. 

Fig. 18. 
Fig. 19. 

Fig. ao. 
Fig 21. 
Fig. 22. 
Fig 23. 


Fig. 24. 


Fig 25 
Fig. 26. 
Fig. 27. 
Fig. 28. 

Fig 29. 
Fig. 30. 
Fig. 31. 


Fig. 32 


Fig. 33 
Fig. 34 
Fig 35. 
Fig. 36. 
Fig. 37 
Fig. 38. 


Rg. 39. 


Fig. 40 
Fig 41 
Fig. 42. 
Fig. 43. 
Fig. 44. 


f: 1^41^ 


The 35th longitudinal aectioii, cut along the plane 35 in fig. 13 xllflli' 
The same stage of fig 18, viewed from the left side; reconstructed. 
XllO. 

The 2Sth longitudinal section, cot along the plane 25 in fig 17. xllft 
The later Dipleurula at the 57th hour, viewed from the left side; te* 
constructed XllO. 

The 32nd cross-section, cat along the plane ,32 m fig. 19. xllO. 

The 37th rroas-section, cut along the plane 37 in fig 19 x 110. 

The 42nd cross-section, cut along the piano 42 in fig 19. xllO. 

The 51st cross-section, cut along the plane 61 in fig. 19. X 1 10. 

PLATE XII. 

The later Dipleuiula at the 66»h hour viewed from the lofl side, recon- 
structed, ventral eitodermal plale is not represented xliO 
The 50th cross-section, cut along the plane 50 in fig 24 xllO 

The 64th cross secthm, cut along the plane 61 m fig 24 x 110, 

The noth CTOSS-aection, cut along the plane 80 m fig 24 x 110 

Early Doliolaria stage at the 72nd hour, viewed from the right aide; 
reconstructed, ventral eitodermal plate is not represenled XllO. 

The 62nd rross-se< tum, cut along the plane 62 m fig 28. XllO. 

The 67th cross-seition, cut along the plane 67 m fig 28. XllO. 

The 75th cross-section, cut along the plane 75 in fig 28. xllO. 

PLATE XIII 

Later Doliolaria at the 100th hour, viewed from the right .side; recon- 
structed, nerve nng, radial nerve and atrial cavity are nut represented 
X150 

The 46th cross-section, cut along the plane 46 in fig 32 x 150. 

The 59th cross-section, cut along the plane 59-62 m fig 32 X 160. 

The 60th cross-section, cut along the plane 59-62 in fig 32 x 150. 

The 62nd cross-section, cut along the plane 59-62 in fig 32. X 150. 

The 78th cross-section, cut along the plane 78 in fig 32. X 160. 

The 94th cross-section, cut along the plane 94 in fig .32. x 150. 

PLATE XIV 

Earlv Pcntaitula at the end of the sixth day, viewed from the left 
side, reconstructed, nerve ring and radial nerve are not represented. 
X 150. 

The 35th cross-section, cut along the plane 35 in fig 39 xl.50. 

The 41st cross-section, cut along the plane 41 in fig 39 x 150, 

The 44th cross-section, cut along the plane 44 in fig 39. x 150, 

The 50th iross section, cut along the plane 50 in fig. 39. xl50 

The 57th cross-section, cut along the plane 57 in fig. 39 x 150. 

Ill* median longitudinal aecbon of the aame stage xl60. 
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INTRODUCTION 

In the first publication (14) under the above general title the pH 
and the CO/content of the blood of fishes such as Cyjmniis, Leuciscus, 
and several othei marine animals were described. The work has been 
extended with a view to observe whether these characters show any 
response to altered conditions of the external medium. 

Most aquatic animals have their blood in close contact with the 
external medium, i. e surrounding water, though the lilood and water 
are separated from each other by a delicate gill membrane. There- 
fore one would anticipate a disturbance of eriuihbrium between blood 
and water associated with a change In the composition of breathing 
water. It is thus, of physiological interest to observe the behaviour 
of the blood of aquatic animab toward the external medium, and 
likewise of biological significance when this phenomenon is sei'n from 
the standpoint tif comparative physiology. Dakin (15), Sumner (3) 
(39), and Green (21) focussed their interest on this point in regard 
to the study of the osmotic relation of the blood. The present author 
(27) also studied the response of Oyster blood to the altered condition 
of sea water. 
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To determine whether aquatic animals exhibit the change of acid 
base equilibrium with the change of reaction or other ingredient of 
the breathing water, similar to those observed in land animals, th(* 
present investigation was undertaken. It is for this reason that I have 
first paid my attention to the problem of acidosis. 

The term acidosis was first introduced by Natjnyn (Sd) in 1906 
to mean simply the abnormal occurence of beta-oxybutyric acid and 
aeeton in the blood of diabetes. After that, however, it was found 
that there are many acidosises resulting from (|Uite different origins 
which can not be regarded as mere acid intoxication. For instance, 
diabetic acidosis means the evolvement of organic acid in the blood, 
while nephritic acidosis refers to the lowering of the COj tension in 
alveolar air. Moreover the diminution of alveolar COj in man by 
removal to a high altitude was regarded as a kind of acidosis. Fur- 
thermore, the decrease of plasma CO. due to anesthesia was likewise 
regarded as an acidosis. 

Thus the cause of the acidosis seems to be very vark'd, but all 
acidosis has the common characteristic that it decreases the alkali 
reserve, i. c. the CO -content of the blood. 

The commonest acidosis which come to our attention can be enu- 
merated as follows. 

(1) Diabetic acidosis Owing to the production of beta-oxybutric 
and other acids in the blood, th<‘ alkali reserve of blood 
decreases. 

(2) Nephritic acidosis. As the acid accumulates m the blood on 
account of the defect <if kidney, the alkali reserve of the 
blood diminishes and consequently the alveolar f’Oj, decreases. 

(3) High altitude acidosis. By a forced respiration or over venti- 
lation due to relative decrease of O, tension in atmosfiheric 
air, the blood loses an excessive amount of ( O,, thus decreas- 
ing the alkali reserve. 

(4) Anesthesia acidosis. Through excessive evaporation of COj 
by hyperpnoea, the alkali reserve of the blood decreases. 

(5) Experimental acidosis. By injection or administration of acid 
the blood lowers its alkali reserve. 

Besides the above examples, there are several kinds of acidosis which 
are producible by fasting, anoxaemia, cardiac or gastric diseases etc. 
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Thus nowadays the term acidosis means even merely a shift of 
acid base balance of the blood. Consequently Naunyn’s acidosis is 
only a minor part of acidosis and is called under the name ketosis. 

It is well known that Van Slvke (40) classified acid base balance 
in 9 orders, by low, high, or normal of the alkali reserve and pH of 
the blood. Recently Cullen and Au.stin (4) proposed to call Van 
Slyke’s uncompensated aridosis, i. e. severe acidosis accompanied by 
an abnormally low pH and low alkali reserve, “ true aridosis ”. The 
British National Research Council proposed to understand the term 
acidosis as meaning the high and low levels of blood alkali, while the 
terms alkalemia and acidemia were as meaning the high and low pH 
of the blood (Austin and Cullen, 4). 

Besides the term acidosis I have however used the term alkalosis, 
which is in use by many other authors in contrast with the term 
andosis, meaning a shifting of the acid base balance of the blood to 
the alkali side of the normal value. Alkalo.sis is nothing else than 
extreme conditions of the acid base balance, i. o. Van Slyke’s un- 
compensated alkali excess (high pH and high alkali reserve) and 
uncompensated CO* deficit (high pH and low CO, tension), of which 
the former conditkm corresponds to the term alkalemia above mentioned. 

Alkalosis is produced for instance, by hyperventilation, hindrance 
of alkali excretion, alkali injection, alkali administration etc. 

The present investigation is a study of acidosis and alkalosis of 
fishes following the alteration of the pH of breathing water. In addi- 
tion to this, the effect of the anoxaemia on the acidosis was also 
observed. 
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CHAPTER I. 

GENERAL PART 1. methods used. 

I METHOD OF EXPERIMENT. 

1) Experimental acidosis and alkalosis. Acidosis and alkalosis in 
higher animals, such as mammals, may be produced by several experi- 
mental methods : (1) By a dose of some excess of acid (HCl, H,PO„ 
NaH,PO„ C,H.O,) or alkali (NaHCO,, Na^HPO^), {2) By an injection 
of acid or alkali into the blood circulation, and finally (3) Alkalosis 
from a voluntary hyperpnoea or a forced dyspnoea, and acidosis from 
an anoxaemia. Besides these methods, an ingestion of NH,C1 or 
CaCli (Austin and Cullen, 4. 8), Cantbaridin, Arsenous acid, and 
other chemical substances (Goto, 20), salvarsan or trypaflavin may also 
produce acidosis. A diabetic acidosis may be brought about by remov- 
ing the spleen from a dog (Goto, 20). The impairment of the renal 
function due to nephrectomy highly disturbs the acid base equilibrium 
of the bl(K>d, so that an apparent acidosis occurs (Austin and Cullen 
(4)). A meal causes first a rise and then a fall of alveolar COj tension, 
indicating the change of the acid base balance of the blood (16) (30), 
and, moreover, a fasting for some duration also causes acidosis Fur- 
ther, the use of anaesthesia (14) (28) produces the acidosis. There- 
fore all these causes enumerated above may be applied in inducing 
acidosis experimentally. Whether or not all these methods are equally 
successfully applicable to the case of fishes must await future investi- 
gation. In the present investigation 1 have employed the same method 
which was used in producing acidosis and alkalosis in oyster (27) by 
merely changing the pH of the breathing water, or by decreasing O. 
tension in breathing water. 

2) Arrangement of Experiment. The essential part of the experi- 
mental process cxmaisted in that the fishes were forced to respire for 
a definite time in the acid or alludi water. In eadi experiment one 
to several fishes were inhxiduced in a jar measuring 35 cm in diameter 
and 40 cm in height. The breathing water used was almost 20 liters 
in all cases. As the Ot quantity of the breathing water diminishes 
due to re^iratioin of fishes the water was aerated in some cases, and 
not in others. During the oaavse of the experiment the fi^es woe 
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frequently bled at varied intervals. 

3) Water temperature. In the experiment of Cyprinus the brea- 
thing water was warmed in most cases, because the tap water was 
too cold at the time of experiment. In the experiments made on 
Cyprinus the lowest temperature sank to 3.6’C, and the highest tem- 
perature rose to 26.3°C. But most experiments were made at 11 to 
25°C. In the experiments conducted on Leuciscus the breathing water 
was not warmed, since the lowest t<-mperature did not fall below 10° 
and the highest temperature did not rise above 14°C. Most experi- 
ments were made at 11’ to 14°C and furthermore each experiment 
was carried out with the least possible temperature fluctuation. 

4) Duration of exjyeriment. The duration of experiment varied 
with the object of the experimentation In the experiment on Cyprinus 
the duration ranged from 3 to 72 hours. In the first 4 experiments 
in which the recovery of the acidosis was tested, the duration extended 
to as long as 24 to 48 hours While in experiments 5-10 the water 
temperature was raised in order to accelerate the effect of experimental 
condition, so that the duration was shortened to from 3 to 5 hours. 
The alkalosis experiment ranged from 24 to 72 hours, in view of 
determining the time of recovery. 

As regards Leuciscus, most experiment were finished within 2 to 
4 hours, except two cases, one fd which needed only 40 minutes while 
the other continued for 48 hours In as much as acidosis takes place 
in Leuciscus very rapidly, there was no need of continuing the experi- 
ment longer. 

5) Regulation of the pH of breathing water. The pH of the 
breathing water was kept considerably high in one case or low in the 
other by adding either the solution of NaOH or HCI. Since the 
production of COj by the fishes tend to lower the high pH of water, 
while the low pH water showed a perpetual tendency to raise its pH 
by the neutralization of acid by fishes, it was necessary to add add 
or alkali at a definite rate in order to keep .conStapt the initial pH 
of the breathing water. For this purpose I employed an automatic 
dropper (Fig. 1) which was made by modifying the ordinary aspiratkm 
bottle. This dropper has a content of about 600 cc, and from 5 to 
50 drops p. m. of alkali or acid solution can be dropped as desired 
by regulating a stop-cock beneath the bottom. 
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The solution of NaOH or HCI used was j, or in most cases, 
though the " solution was also sometimes used. When the fishes 
were di^sed to breath in a dilute buffer solution the pH of the 
water kept constant for a long while. But in 
such solution the fishes became much weakened 
after a while by the intoxication due to the buffer 
solution. For instance, in a Cyprinus which was 
forced to respire in the 20 fold diluted solution 
of ordinary citrate buffer solution, the cortex of 
the eye turned opaque after 2 hours, and the 
fish became very inactive. In addition, the brea- 
thing water was contaminated and become frothy, 
showing a very unsuitable appearance for the 
experiment. Therefore in my present investigation 
the buffer solution was not used. 

6) Conditions for observation. During the 
experiment the following eight conditions were 
obstjrved and recorded. (1) Air temperature, j Automatic 

(2) Water temperature, (3) pH of the breathing dropper, 

water, (4) pH of the blood, (5) CO,-content of A- aspiratina hole, 
the blood, (6) Frequency of respiratory movement, loveUmR dish. 

(7) Behaviour of fishes, (8) Oj content of the p — dt^pm«\p 
breathing water. 

II COLLECTION OF BLOOD. 

For the blood taking much skill and experience were needed, 
inasmuch as the fishes had to be bled repeatedly so as not to weaken 
them until the end of the experiment. As all the bleeding was done 
by heart puncture it was necessary to orientate the exact position of 
the heart in the body from without. In Cyprinus the heart is situated 
at the middle of the line which connects the posterior end of the 
basal part of both pectoral fins. But in Leuciscus it is situated at a 
slightly more anteriolr as compared with Cyprinus. The heart, however, 
is rather small in bulk, so tht insertion of the syringe needle must 
be made very carefully. The qrringe needle was about 0 7 mm in 
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thickness and 4 cm in length, and was provided with a pipette. The 
pippette measured 1 cc and was graduated to hundredths. Prior to 
the bleeding the pipette was filled with paraffin oil, and after punctur- 
ing this needle into the heart the pipette was sucked with the mouth 
by a rubber tube which was attached to the distal end of this pipette, 
thus preventing the contact of the blood with the air. By this method 
1 cc of blood can be obtained within 1 minute. Moreover, as is well 
known, the clotting of the fish blood takes place very rapidly, so that 
a bleeding must be finished within 1.5 minutes at the longest. 

As soon as the blood was collected the pH and CO -content were 
determined within 5 minutes. The quantity of the blood required for 
each determination varied with the fish. In Cypnnus 0 5 end O.l cc 
were used for the determination of the pH and CO/Content respectively, 
while in Leuwew-s 0.25 and 0.1 cc were used, for the same purpose 
Consequently the total volume of the blood used for erch determina- 
tion was 0.5 cc in Cyprinits and 0.35 cc in Leuciscus, but the real 
amount of blood collected each time was about 1 cc in Cypnnus end 
0.5 cc m J.£uciscus. 

Although the freejuency of bleeding throughout the entire course 
of experiment, varied according to fi.shes it was 3 to 12 times in 
Cypnnus, and 2 to 8 times in Leuciscus. 

The number of fishes employed for an experiment was 1 to 6 in 
the case of Cyprinus, and 3 to 5 in the case of Ijmdscua. The total 
determinations which were made in one experiment numbered 33 times 
in Cyprinus (Alkalosis Exp. 5.) and 28 times in Leuciscus (Acidosis 
Exp. 10) at the most 


in. MATERIALS 

The fish used as material were the following two species. 

Cyprinus carpio Linne. 

Leuciscus hakuensis Guther. 

The reason why I preferred the above was, first of' all, the ease 
of collection of these two species. The former being a most commonly 
cultured fish in Japan, it was at our disposal throughout the year. 
Leuciscus is also a common sea fish which is regulary taken in abun- 
dance in May every Year in the neighbourhood of our station. In 
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addition to this convenience, both are robust fishes and are of moderate 
size, and consequently are able to provide a sufliciet quantity of blood. 
Moreover, the former being a fresh water fish, while the latter is a 
sea inhabitant, we may consider them as representatives of fresh and 
se^ water fishes. 

The total number of fishes used was dtl of Cyprinus and 50 of 
Leuciscus. Sizes of the Cyprinus varied from 28 to 36 cm in length 
with an average length of 30.8 cm, and weighed 321 to 882 gms, with 
a mean weight of 520 gms. Leuciscus meisured 33.1 to 48.0 cm in 
length with a mean of 35.8 cm, and weighed 333 to 890 gms in weight 
with a mean of 506 gms. 

IV DETERMINATION OF THE BLOOD pH 

For the determination of the blood pH Cullen’s (13) colorimetric 
method which was employed in my previous investigation (26) was 
again adopted. According to Au.stin, Stadie, and Robinson (3) the 
colorimetric reading of the blood changes continuously when it is 
diluted at an increasing rate by the standard saline solution, notwith- 
standing Cullen’s statment that the dilution of 20 fold gives fairly a 
constant value. Therefore it happens that the result obtained by 
Cullen’s method in which the colour is read under 20 fold dilution, 
regarding this dilution as optimal, does not represent the constant 
value. In other words the dilutions in the neighbourhood of 20 fold 
neves- give any constant value, but the pH changes directly with the 
degree of the dilution. 

Disregarding the human blood, which is the subject of the above 
argument, the fish blood changes its <-olour reading too intensely to 
use any dilution as optimal. That is to say, the change of the colour 
reading due to dilution in fish blood is by far greater than of the 
human blood (26). And hence to obtain the true pH value of fish 
blood by CullEN’s method a difference of the electrometrical pH and 
the colorimetrical pH read under a definite dilution must be previously 
determined. If this correction is made the ailorimetric pH of the 
fish blood is readily converted Into the true pH. 

Therefore in a study in which the relative change of the pH is 
mainly discussed, the colorimetric method is by far the best means, 



258 


S. KOKUBO 


because of its simplicity and the economy of time and material. In 
my present investigation the pH determination had , to be made as 
frequently as possible within a limited time. For this reason, I again 
preferred Cullen’s method. The application of this method was made 
in a similar manner to that of the former investigation, and the pH 
was determined under 11 fold dilution in Cyprinus and 21 fold in 
Leuciscus. 


Redistilled Water 

The standard saline solution used for the present method required 
a high sensitivity for alkali which may he produced by the blood. 
To serve this purpose the distilled water used for the preparation of 
this solution was redistilled, and even the trace of alkali was eliminated. 
The redistilled water pri'pared in our laboraUiry was highly sensitive 
to the addition of alkali or COj, and fully served my purpose. The 
sensitivity of the redistilled water was tested in the following way. 

5 cc of redistilled water wa.s taken in a hard-glass test tube, adding 
0.25 cc of phenol red (0.02 9^). The color of the water thus produced 
showed a yellow tone due to the acidity of CO^ already contained. 
When this test tube was heated by a strong burner the water began 
to boil within 30 seconds. As the water became alkaline by the 
evaporation of CO 2 , the colour began to change within 1 minute. 
After continuing the boiling 3 minutes, the test tube was taken out 
from the flame and tightly stopped with a ruber stopper. The pH 
was then determined immediately before cooling. But, as the phenol 
red rapidly alters its colour with the temperature, the pH was once 
more read after it cooled to 20°C - 

In this examination, however, much care mu.st be taken in the 
choice of the test tube, for if the tube is not hard enough, the result 
will be wholly disturbed by the alkali evolved from the glass. 

For the purpose of comparison, a like examination was also made 
on ordinary distilled water and tap water. The results of 12 deter- 
minations made on a sample were listed in the Table 1. 

From an inspection of the above table one will notice that the 
tap water and distilled water contain much more alkali than the re- 
distilled water. Accordingly the highest sensitivity of redistilled water 



ACIDOSIS OF FISHES — METHOD USED 


Table 1. 



will result from the least quantity of alkali contained because the 
sensitivity of water to the change of pH may be diminished by this 
alkali, making a buffer system combined with the carboi.ic acid 


V. DETERMINATION OF THE COa-CONTENT OF BLOOD. 

The determination of the ('0,-content of blood accompanied in all 
cases the determination of the blood pH. Accordingly this determina- 
tion had also to be made several times in one experiment. The 
apparatus used was a volumetric micro-apparatus of Van Slyke 

This apparatus needed 0.1 cc of the blood and about 5 minutes of 
time for each determination. In looking for complete accuracy, the 
manometric apparatus of Van Slyke (43) which was employed in my 
previous work (29) was desirable, but for the sake of economy of time 
a volumetric apparatus was preferred. 

VI. BREATHING WATER. 

For the breathing of Cyprinus fresh water wa.s used, while for 
Leudscus both fresh and sea. water were employed. 

1) Pn»h teater. The fresh water used was the tap water of the 
laboratory. The pH of this watw ranged between 7.10 and 7.60 in 
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fresh condition, though it fell to pH 6.80 when it was exposed to the 
atmospheric air for a long while. No special analysis has been made 
to determine the bicarbonate content of this water. But it was 
surmised to be very rich in bicarbonate, for the water rose rapidly in 
its pH when it was boiled. 

In order to estimate the buffer action of the breathing water 
titrations were made, adding an increasing quantity of HCl or 
NaOH solution to 100 cc of tap water, sea water, and redistilled water. 
The results thus obtained were compared with each other, and a 
graph was compiled from the data presented in the Table 2. (Fig. 
2). 

As will be seen in Fig 2 the tap water has a marked buffer action 
on the acid side, and changes its pH but little, by the addition of 
acid, when compared with redistilled water. On the alkali •side, 
however, the buffer action is not so distinct as that of the acid side, 
and the pH rises with the addition of NaOH. But in regard to the 
redistilled water, the pH rise due to alkali addition is far more promi- 
nent than in the case of tap water, suggesting a great superiority of 
tap water in buffer action. 

2) Sea water. The sea water used for the experiment was supplied 
by a water mam from a sea water reservoir. As the reservoir was 
renewed 3 to 4 times a day, the water was kept almost in its natural 
condition, showing no remarkable change in temperature nor in density. 
Though the density of sea water was of course subjected to a seasonal 
change, the mean value was 1.02429 (15°C). The pH of sea water 
also changes with the season, ranging between 8.10 and 8.25. But it 
remained almost always in the neigjibourhood of pH 8.20 during the 
present investigation. 

The buffer action of the sea water was shown in Fig. 2, compared 
with that of the tap water and redistilled water. As can readly be 
seen from this figure the sea water shows a remarkable buffer action 
in both the acid and alkali sides, not changing its pH by addition 
of 0.1 cc of acid or alkali solution. 

With a view to examining the buffer action of sea water to a 
wider extent a further titration was made. According to the results 
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Table 2. 
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listed in the following table an addition of 7 cc of HCl solution 
changed the pH of sea water from 8.20 to 6.60, thus showing a 
decrease in pH of 1.60 ; while addition of the same quantity of 
NaOH solution raised the pH from 8.20 to 8.85, showing an increase 
in pH of only 0.65. Thus we notice that the change of pH due to 


Table 3. 


Acid side 


cc of water 

r cc of HCl ( 

pH of sea 


sample 


water 

ICO 

0.0 

8.20 


1.0 

8.00 


2.0 

7.70 


n.o 

7.40 


4.0 

7.20 


6.0 

6.00 


7.0 

6.60 


Alkali side 


tc of water 

rr of 1TO>H 

pH of sea 


sample 


water 

100 

0,0 

8.20 


1.0 

8.. no 


2 0 1 

8.46, 


.S.O 

8.60 


4.0 

8,66 

i 

6.0 

8.70 

1 •• 

7.0 

8.86 
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the addition of the same quantity of the above solutions is by far 
greater in the acid side than in the alkali side (Fig. 3). 

VII. NATURE OF THE EXPERIMENT 

The experiment was made 33 tiroes in all during 1926 and 1927. 
Among these 12 were Acidosis Experiments and 7 were Alkalosis 
Experiments, all conducted on Cyprinus. Among the remaining 16 
experiments 10 wei'e Acidosis Experiments and 6 were Alkalosis 
Experiments, all conducted with Leuciscus. 

Of the 12 acidosis experiments made on Cyprinus the first 7 were 
carried out with a view to induce acidosis by the low pH and the 
O, deficiency in breathing water. But I was able to note by these 
7 experiments that the lack of Ot becomes a distinct cause of acidosis 
while the low pH of water does not. Therefore in the next 2 experi- 
ments the pH of the breathing water was not particulary lowered, 
and only the effect of the deficiency was observed. From the 
result of these 2 experiments it was ascertained that the O. deficiency 
alone causes the acidosis, unassisted by the low pH of the water. In 
Exp. 10 to 11, therefore, the 0» content of the breathing water was 
kept normal, and the effect of the low pH water was singly tested, 
thus affirming that the low pH of water never produces the acidosis 
in Cyprinus. 

Among the 7 alkalosis experiments the first 2 showed that the 
high pH of breathing water produces the alkalosis by 15 hours later, 
and the 0| deficiency of water in these experiments seemed to have 
nothing to do with the alkalosis. The 3rd experiment was carried 
out with the hope of inducing the alkalosis more rapidly than in the 
former case, by raising the water pH. As the aim of the 3rd 
experiment was fairly well attained, I verified these results positively 
by Exp. 4 and 5. 

In the acidosis experiment on Leuciscus the first 6 experiments 
(Exp, 1 -h 6) were made in order to study whether in Leuciscus also, 
acidosis is brought about by the O* deficit. This relation being fully 
determined by these experkaents, the next three (Exp. 7-9) were 
undertaken to test if the acidosis may be produced by the law pH 
of the water. As these 8 experiments showed the result that this 
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fish displayed an apparent acidosis due to the low pH of water, a 
further experiment (Exp 10) was conducted in order to test the 
recovery of the acidosis. 

With regard to the alkalosis of l^unscvs, 6 experiments were 
made. Of these experiments the first 2 were not entirely successful 
on account of the O. deficiency (Exp. 1) and the excessive high pH 
of the breathing water, resulting in no alkalosis in spite of the high 
pH of breathing water. Whereas in the 3rd experiment, in which 
thf> water was frequently renewed, the alkalosis was fairly well brought 
about. Hereupon I conducted 2 further experiments (Exp. 4-5) to 
affirm the results of the 3rd expeiiment. As the preceding 3 experi- 
ments demonstrated that the alkalosis of Leuctscus may readily be 
produced by the high pH of water, the fith experiment was planned. 
In the fith experiment the alkakisis and acidosis were alternately 
caused, thus demonstrating the possibility of successive changes of 
these conditions in one and the same fish. 

CHAPTER II. 

GENERAL PART 2. results. 

1 THE CHANGE OF THE pH OF BREATHING WATER 

In the experiment on alkalosis in which the initial pH of breathing 
water was considerably raised, the pH value decreased with time 
because of the respiration of the fishes. In the acidosis experiment 
in which the initial pH of breathing water was considerably depressed 
this relation was quite reversed, increasing the. pH value in the course 
of the experiment. Such change of the pH was, however, by far 
more conspicuous in the alkalosis experiment than in the acidosis 
experiment. In other words, the decrease of the high ,pH due to 
the respiration of fishes was far more marked than the increase of 
pH due to the same cause. The cause of the decrease of high pH 
of water must be mainly due to the neutralization of alkali by the 
carbonic acid evolved by the respiration of fishes. While the rise 
of the low pH might partly be attributed to the neutralization of 
acidity by the alkali reserve of fish blood, it may partly be ascribed 
to the consumption of acid by the oxydizable matter excreted from 
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the fish body such as mucus and other excretions. 

The rate of the pH change of breathing water, however, varies 
with the experiment, as it is related to the quantity and species of 
fishes, temperature, and the method of experiment. 

Increase of the toater pH in the experiment on Cyprinub (see Table 
4). In the Acidosis Experiments 1 to 3 which were almost equal in 
experimental conditions, (fish about 456 gms. temp. 12’-15°), the initial 
pH of 3.70 to 3.90 rose to from 4.10 to 1.20 in the course' of 7 
hours, indicating an increase of pH 0.30. 

In Exp. 4 and 5 (fish about 400 gms. temp 25”-26°) the pH rose 
0.7 and 0.4 respectively, in the course of 3.5 hours, hinting that the 
rapid rise in these experiments may he due to the high temperature 
of breathing water. 

Exp. 6 and 7 also showed a noticeable rise, but the cause of the 
rapid rise in these cases may be ascribed to both th(‘ high temperature 
and the larger number of the fishes kept in a jar. 

The pH rise found in Exp 10 to Exp. 12 was most remarkable. 
For instance, in Exp. 11 the pH rose 255 within 3 hours, and in 
Elxp. 12 increased 0.20 in the course of only 20 minutes. Such a 
distinct increase of pH as seen in these experimont.s may be referred 
to the escape of CO* from water by the aeration made with the 
object of preventing the O, deficiency. 


Table 4. 

I Cypnnu^ (shows increase of water pH) 

(Exp. 7 and 8 were curtailed here as acid was not used in these it Exps ) 


No of Exp 

pH 

Sange of 

Total 

Duration of 
respiration 

If 

No 

Kish 

Total weight 


Chanoe 




(gms) 

Acid Exp. I 

3.90-4.20 

0..S0 

7 hrs 

t3.6'-I6.2° 

1 

470 

S 

S.«(M.10 

o.ao 

7 ., 

12,0M2.2° 

1 

464 

.. 3 

8.70-4.12 

0.42 

7 „ 

10.0'’-12.0' 

1 

470 

.. 4 

3.90-4.60 

0.70 

6 „ 

26.0'’-26.3“ 

1 i 

S80 

.. „ fi 

8.S0-4.20 

0.40 

3.8 

26.0'’-26.2“ 

I 

415 

.. 6 

3.90-4.60 

0.60 

6 ,. 

20.0'’-20.6'’ 

6 

2418 

.. .. « 

6.70^.00 

1.10 

3 .. 

4.0'>-15.8° 

] 

780 

.. .. to 

8.70-4.40 

0.70 

3 „ 

8.r-20.6“ 

6 

.3421 

.. 11 

3.60-6.16 

2.68* 

3 „ 

8.0»-16.0* 

6 

3423 

.. .. 12 

3,70-3.00 

0.20 

20 mns 

8.8M7.0'’ 

2 

1168 
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Decrease of the water pH in the experiment of Cyprinus. As above 
mentioned the high pH of the breathing water was rapidly lowered by 
the respiration of Cyprinus. But, as the experiment on Alkalosis 
was carried out adding the alkali constantly, the pH showed no regular 
change. And hence it is impossible to observe the mode of the pH 
decrease by the results of these experiments Therefore I conducted 
another experiment in order to make this relation clear. 

Experiment 1. 

In this experiment the decrease of the natural tap water due to 
respiration was examined. The water showed the initial pH to be 
7.45 and the temperature to be about I2°C. Two determinations 
were made, using 20 liters of water without renewing until 1.5 hours 
later. 

The dimcntions of fishes used were as follows. 

Body length (rm ) Body height (im » Body weight (gm* ) 

Case 1 30.5 8.0 420 

Case 2 31.0 7.9 397 

Table 5. 




Case I 



Case 11 


minutei 

pH 

Water 

Kesp freq 
(ptr minute) 

pH 

Water 

Reap, freq 
(per minutei 

0 

7.45 

12.0” 


7.45 

12.2’ 

39 

10 

7.10 


2» 

7.00 



20 

0.95 



6.90 

i 

40 

SO 

6.86 


26 

6.85 



40 

6.82 



6.80 

1 ;; 

38 

60 

6.80 


19 

6.80 


1 — 

SO 

6.80 



6.70 

1 •• 

38 


The above results show that the respiration of a Cyprintis lowers 
the pH of breathing water by pH 0.70 in 1.5 hours (Fig. 4). 
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previoualy. 

Urokon line decrease of pH in Up water 


Experiment 2 

The pH of breathing water used for the present experiment was 
raised to 9.30 by adding about 22 cc, of "-NaOH solution to 20 
liters of water. The temperature was kept 14.3’-15.0“C, and the 
water was not renewed until the experiment was finished. 3 fishes 
were used, weighing 1425 gms in total weight. The dimentions of 
each fish were as follows. 

Body length (cm) Bixly height (cm) Body weight (gms) 

1. 30.9 8.8 475 

2. 30.3 8.1 430 

3. 31,9 ^20 

As can be seen in the Table 6. the pH of water began to 
decrease fanmediatdy aft« the introductbn of fishes, and the initial 
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Table 6. 


Time (minutes) 

pH 

1 Water temp. 

Kesp. freq. 

0 

9..S0 

j 14..1 

48 


9.20 

14..S 


5 

9.10 

14.3 


10 

6.00 

' 14.3 

46 

16 

8.86 

1 14. .S 



8.r>o 

! 14. S 


26 

8.26 

1 14.4 

61 

.SO 

7 60 

1 14.6 


40 

7.00 

1 14.7 


60 

6.70 

i 16.0 ! 

66 

60 

6.60 

16 0 


11'— 16 

6 66 

' 15,0 1 


1 -30 

6. .60 

j 16.0 1 

60 


pH 9.30 fell to 7.60 after 30 minutes. 1 hour later the pH became 
6.60 and at last reached the lowest value of 6.50 in 1.5 hours. The 
rate of decreasing was observed to be most rapid from the 20th to 
30th minutes, but became very slow from th(> 50lh minute on (Fig. 4), 

In short, the experiments shows us that the pH of breathing water 
decreases at a rapid rate due to the respiration of fishes. The lDwe.st 
values reached in the above 2 experiments ranged from 6.80 to 6.50. 
But the lowest value attained in the experiment on I.£uciscus (Acidosis 
Exp. 5, 6) was pH 5.80 (Table 7). The lowest pH attainable may 
be still further lowered by lengthening the* duration and by increasing 
the number of fish. 

But we may conclude that the lowest pH attainable by the re- 
spiration of fishes in a relatively short time is in the neighbourhood 
of pH 6.00. Though this pH is very low in comparison to the ordinary 
pH of tap water, yet it is much higher than the acidity of tap water 
saturated with carbonic acid (pH 3.70). 

Increase of the water pH in the Experiment on Leuciscus. The 
increase of the pH in the Acidosis experiment was observed to be 
very marked. In Exp. 7 in which 3 fishes were used, the initial pH 
3.04 rose to 3.57 in the course of 2 hours (water temp. 11.0*-12.2'C). 

In Exp. 8. in which 3 fishes were used and which was made under 
a little higher temperature, the rate of pH rise was more prominent 
than in the former experiment, showing a rise of pH 027 within 2 
hours. Exp. 9 (one fish) also showed a marked rise, giving an increase 
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of pH 0.10 in 40 minutes. 

Decrease of the water pH in the Experiment on Leuciscus. The 
decrease of the pH in the experiment on Leuciscus was also markedly 
observed. In the Acidosis Exp. 1 in which 3 fishes were employed 
(1456 gms in total weight, water temp. 10.4°-12.0°C) the initial pH 
8.15 fell to 7.00 after respiration for 5 hours. As the Acidosis Exp. 
2 was carried out using 5 fishes under a higher temperature, the 
decrease of the pH was very distinct, showing a fall of pH 1.16 
within 2.5 hours. The Acidosis Exp. 3 and 4 in which 3 fishes in 
each were used also resulted in similar changes. Though the above 
4 experiments were made using sea water, the following 2 experi- 
ments in which fresh water was used showed similar results. In the 
Acidosis Exp. 5 which was conducted using 3 fishes the initial pH 
7.50 fell to 5.80 in the course of 2 hours, and the Acidosis Exp. 6 
also showed a similar result, in the main. 

The pH change of the breathing water due to the respiration of 
Leuciscus may be tabulated as follows. 


Table 7. 


No, of Exp. 

pH 

Duration 

Water 

Fish 

Range of 
Change 

Total 

Change 

respiratton 

temp. 




(Derreaae) 




Acid. Exp. 1 

8.16-7.00 

1.15 

6." 00"* 

lO.A'-lS.O” 

.3 

1466 

.. .. S 

8.16-7.00 

1.16 

2. SO 

11.0’-12.2' 

5 

287 

.. S 

8.20-7.10 

1.10 

2. 00 

10.6M0.8*, r. 

2024 

.. .. 4 

8.18-7.10 

1.08 

2. SO 

10.S°-11.6° 

3 

1573 

.. .. 6 

7.80-6.80 

1.70 

4. 00 

u.eMs.o” 

3 

1478 

.. 0 

7.40-6.80 

1.80 

2. SO 

12.2“-13.6° 

4 

1029 



(Increase) 




.. 7 

a.40-S.67 

0.17 

2. 00 

11.0’-12.2" 

S 

1 1666 

.. .. 8 

8.40-8.67 

0.27 

2. 00 

12.r-lS.7° 

n 

1482 

.. » »A 

8.40-8.60 

0.10 

0. 40 

I2.0»-I2.r 

1 

461 

» 9B 

8.40-8.60 

0.10 

0. 40 

11.8M2.1' 

1 

417 


II. THE CHANGE OF O# CONTENT IN THE BREATHING WATER 

The O, content of breathing water. The Oi content of the brea- 
thing water varied not only with the temperature but also changed 
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according to whether it was fresh or sea water. But, the O, content 
of the water useid in the present work never reached saturation at 
any temperature. Consequently, the fresh and sea water showed 
some (0.87 cc in fresh water and OiiOcc in sea water in mean, per 
liter) unsaturated portion (difference between theoretical value and 
observed content). The Oj content observed will be seen in the 
following table. 


Tabi.e 8. 



No 

of 

Exp. 


Fresh wptor 


No 

of 

Kvp 


Sea water 



Water 

O, qu 

Obser- 

Unsatu- 

rated 

portion 


Water 

<)j quantity 

Satu- j Obser 
rated 1 ved 

Unsatu 

portiun 


1 

17.0 

6.75 

0.22 

0.5.3 



10.4 

0.90 

0 1.3 

(V77 



12.0 

7 62 

0.06 

1.4(1 



11.0 

0.80 

0.17 

0.6.3 



11 4 

7,6.8 

0 5.3 

1.10 



10.5 

0.87 

0.64 

0,2.3 


4 

25.0 

5.78 

6 30 

(-0.581 



10 3 

0.92 

6.74 

0.18 


5 

10. a 

7 80 

0.54 

1 20 



12 0 

0.69 

5.69 

0.60 

% 

l\ 

6. .2 

8.08 


1 09 




0 57 

6.90 

0.01 

■2 


4.5 

9 00 

8 56 

0.44 

'*• 

9 A 

12 0 

0..5.3 

0.07 

-0.14 


8 

4 1 

9.07 

8.10 

0 97 


9H 

11.9 

0.54 

0.00 

0.54 



4.0 

9.14 

7.88 



10 

11.0 

0.70 

5.92 

0.78 


10 

8 7 

8.10 


0 45 








11 

6.0 

8.91 

8.19 

0.72 


] 

11.9 

0J)4 

6.99 

0 65 


12 

.'i .'■> 

9.20 

8,12 

1 08 

1 

! 

3 

1.3.2 

0.60 

5.70 

0.80 


1 

8.3 

8.20 

7.. 38 

0.82 

1 i ' 

4 

13 3 

0.49 

0.70 

-0.21 



1.8.2 

7.. 80 

7.02 

0.28 







1 


7,(5 

8 34 

7 97 

0..37 


5 


0.49 

5 28 

1.21 


4 

f) 

7.0 

5.0 

8.47 

8.91 

7.92 

7.91 

0 55 

1 00 

' ^ 

0 

1 la'o 

1 0.45 

6.68 

0.77 

Mean) 

8.99j 

8 16 

7.40 

0..87 


jMean 

i 12 0 

j 0.64 

C.OB 

0.59 


The change of Oj content. For the determination of respiratory 
exchange the content of breathing water has to be estimated, 
allowing the fishes to respire in a closed vessel. But in my present 
work there was no need of such a particular method, for my purpose 
was only to determine the relative change of the O, content in the 
course of each experiment. Therefore the O* content was determined 
by Winklek’s method on the samples taken at definite intervals from 
an open vessel in which the fishes were kept. 

As can be seen in the following table, the results thus obtained 
show that the O. content of the brfeathing water rapidly decreases 
with time. 




jf Cupri 
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The rate of the ©2 consumption in those cases, of course, depends 
on the water temperature, and the quantity and siz^ of the fishes. 
In the Acidosis Experiments on Cyprinus (Alkalosis experiments were 
disregarded as the water was renewed at intervals) the Oj decrease 
was most rapid during the first 1 hour, especially in the first 30 
minutes. After that, however, the decrease became very slow. Among 
the results listed in the Table 9 (a) the most rapid dt crease was seen 
in Exp. 9 in which 5.9 cc of Oj was consumed in the first 30 minutes. 
In Exp. 6, Exp. 8 and Exp. 10, about 5.3, 4.3, 4.2, and 4.0 cc of O* 
decreased respectively in the first .30 minutes, while m the other experi- 
ment the Os decrease was slower than in the above cases. ^ 



Ordinate — Os quantity in cc. Abscissa — time in minutes 

In the Acidosis Exp. on Levciscus the Oy decreased also rapidly 
in the first 30 minutes and attained almost the minimum within 1 
hour, showing no marked change after that. The most rapid decrease 
was seen in Exp. 2 in which 5.4 cc of O, was consumed in the first 
30 minutes. In Exp. 4, Exp. 3, Exp. 6 and Exp. 5 about 4.9, 4.8, 
4.2 and 3.3 cc of Oj decreased respectively in the first 30 minutes. 
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In the other experiments the O; decrease was slower than those in 
the above cases (Fig. 5). 

As to why the rate of Ot decrease varied so with the experiment, 
the readers are referred to the experimental condition stated in the 
description of each experiment. 

Among the Acidosis Exp. of Leuctscus, Exp. 7, 8 and 9 showed 
a relatively slow 0| decrease in spite of the fact that the quantity 
of fish was never less and the water temperature was never lower than 
those of the other experiments. On the other hand, the Alkalosis 
Exp. 1 showed a rapid decrease of Oj. And hence, this is likely to 
prove that the Oi is more readily absorbed by fishes in the alkali 
water than in the acid water. 

Packard (52) reported that the resistance of Fttndlus to the lack 
of O. may be increased by raising the blood pH by the injection of 
NaHCO,, and may be decreased by lowering the blood pH by the 
injection of acetic acid. The question of rt'sistance in this case may 
be accounted for by the theory that an increase or decrease in the 
alkalinity or acidity of the plasma fovours or retards the oxydation 
phenomena. 

In my 3 experiments above mentioned {Lettciscus, Acid. Exp. 7, 8, 9) 
the blood pH was already lowered in the first 30 minutes. Consequently 
the oxydation of blood corpuscles might have been retarded by that 
time, thus decreasing the rate of ()* consumption of fishes. In Alkalosis 
Exp. 1, on the contrary, the blood pH was raised in 30 minutes, so 
that the oxydation of blood corpuscle was accelerated, and thus in- 
creased the rate of Oi consumption The reason why such phenomena 
were not observed in the experiment of Cyprinus may be ascribed to 
the fact that Cyprinus needed a comparatively long time (over 1 hour) 
to change the blood pH, and therefore the effect of the altered pH 
on the 0» consumption was not observed in the early part of the 
experiment, as will be seen from the change of pH of blood. 



Acidosis Elxp. 


274 


S. KOKUBO 


III THE CHANGE OF THE pH OF BLOOD 
(A) THE pH Oh THE BLOOD 

1) Cypnnus. According to my former investigation, the normal 
pH of the blood of Cyprinus was found to be 7.60 in the mean of 
31 determinations, ranging from pH 7 35 to 7.75 However 33 deter- 
minations made in the present investigation showed it to be pH 7.75 
in mean, ranging between pH 7 20 and K 20, thus showing a greater' 
fluctuation than that of the former investigation. Summing up the 
above 2 investigations just stated the normal blood pH of Cyprinus 
is to be taken as 7.6H, for the mean of the above two means. 

The normal blood pH of Cypnnus found in the present investiga- 
tion can be listed as follows. 


/'No. 1. 
„ 2 . 
V 3. 
„ 4. 

„ 5. 

6 . 

No. 7. 


No «. 


7.62 

7.70 

7.75 


7.80 J 
7.60] 
7.79 


Oct. 2 : 1 - 
28 (1926) 
Mean pH 
7.72 


7.351 


7.20 

7.70 

7.85 

7.50 

7.87 

770 

7.85 

7.70 

7.83 

7..50 


pec. 18- 
I 31 (1926) 
(Mean pH 
7.71 


po. 

10. 

7..5() 


No 

11 

7 75 




7.85 

.Ian. 1-17 



7.91 

(1927) 

No. 

12 

7.70 

Mean pH 
7.72 



770 


■No 

1 

7.61 


No. 

2. 

798 




7.97 


No. 

3 

8.00 

March. 



8.20 

19-23 

No 

4. 

7.95 

(1927) 
Mean pH 



7..57 

7.9,1 

No. 

5. 

7.85 




7.95- 



Mean of all 
(33) deter- 
minations 
pH 7.75 


As is seen in the above table some fishes showed so high a value 
that I first doubted the results, but it was confirmed to be certain by 
examining the other fishes of the same lots which were not used for 
the present experiment. 

2) Leuciscus. The normal blood of the Uuciscus was also studied 
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in my previous paper, reporting the mean value of 5 determinations 
to be pH 7.44, ranging from 7.20 to 7.70. In the present investiga- 
tion, however, the mean pH of 50 determinations was shown to be 
pH 7.17, ranging between pH 7.00 and 7.65. Averaging the results 
of the present and previous investigations the pH of the blood of 
Leuascus may be taken as pH 7.42. 

The normal pH of the blood of Ijmciscus determined by the- 
prestmt investigation can be listed as follows. 


No. 

1. 

7.50 

No. 

2. 

7.35 

„ 


7.20 

„ 


7.25 



7.45 



7.30 

No. 

3. 

7.28 



7.07 

„ 


7.40 

No. 

4. 

7.30 

„ 


7.18 



7.20 


/No. 5. 

7.06y 



/No. 

1. 

7.03^ 


7.13 





7.30 


7.3;i 





7.05 

No. 6. 

7.07 



No. 

2 

7.02 


7.02 





7.01 


7.03 





7.07 

No. 7. 

7.22 

X 

B. 


No 

3. 

7.05 


7.10 

C 

i 



765 

No.’ 8 

7.22 

7.25 


1 

No. 

4. 

7.30 

7.00 


7.00 


< 



7.01 


7.27 

z 



7.00 

No. 9. 

7.15 



No. 

5. 

7.20 


7.20 





7.20 

No. 10. 

703 





2.27 


7.01 



No. 

6. 

7.03 


7.05 





7.32 

V 

7.07, 





7.05, 


(B) THE CHANGE OF THE pH OF BIX)OD 


1) Acidosis. 

1) Acidosis in Cyprinus. (Table 21-32, Fig. 6). 12 experiments 
which were made with a view to study the acidosis of Cyprinus can 
be classified into the following 5 categories according to their mode 
of the change of blood pH. . 

1. Exp. 1-3. In these experiments the blood pH decreased with 
time, reaching the minimum after 6 hours. Thereafter, however, the 
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blood pH tended to increase inasmuch as the fresh tap water was 
supplied. After 24 hours the blood pH increased, reactionary to the 
former decrease, and exceeded the initial value, though, after this, it 
began to decrease and approximated the normal value by 48 hours 
afterwards. From the result of Exp. 2 it can be presumed that the 
pH decrease in Exp. 1 and 3 also might have occurred from one 
hour afterwards. 

2. Exp. 4-.5. The decrease of the blood pH in these 2 experi- 
ments was very rapid in comparison with the former 3 experiments, 
showing an outstanding decrease within 1 hour. The cause of such 
a rapid decrease may be ascribed to the high temperature of the 
breathing water. 

3. Exp 6-7. These 2 experiments also showed a very rapid 
decrease of the blood pH. In Exp. 6 the blood pH commenced to 
decrease as soon as 30 minutes afterwards, attaining the minimum 
value by 2 hours later. Exp. .5 also showed a remarkable decrease 
in the mean value of 6 individuals The rapid decrease observed in 
these 2 experiments must be due to the sudden fall of Oi tension in 
the breathing water. 

4. Exi>. 8-9. These two experiments were carried out keeping 
the water pH normal, but rapidly decreasing the O, of breathing 
water. The results showed that the blood pll distinctly decreased 
within 3 hours, thus showing the single effect of the Oj deficiency in 
the breathing water. In Exp. K the fish were fed with tap water 
from 3 hours afterwards, so that the blood pH recovered its initial 
value, while in Exp. 9 the tap water was not supplied and consequently 
the fish maintained a low blood pH until the end of the experiment 

5. Exp. 10-12. These 3 experiments were made in order to test 
the single effect of the low pH of breathing water, eliminating the 
effect of the Oj insufficiency. But in Exp. 10 the blood pH was 
lowered by the lack of O, in the water on account of the unsuccessful 
supply of Oj. In Exp. 11 any want of O, was avoided to the utmost 
As a result, the blood pH never decreased in spite of the low pH 
of water. From 3 hours afterwards, however, the blood decreased 
markedly on account of a sudden decrease of Of after that time. 
Therefore our attention is attracted by the fact that the pH decrease 
which was observed in Exp. 1-7 was not due to the low pH of water^ 
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but to the 0« deficiency of water. In Elxp. 12 also, the single effect 
of low pH was examined, prolonging the duration of experiment, but 
no effect of low pH was found. (In Fig. 6 the Exps. 6, 7, 8 and 10 
were eliminated as the observed points shown in each .series were 
taken from the determinations made on different individuals). 



Fir 6 ChatiRp of blood pH n tho course of pxpi>riment (Cjrpnnu#, 
Aiidosix Exp ) 

OrdmatK pH Abaoiasa - time in hours. 

Numerals attathod to curves denote the No of experiment Alphabet 
signihes the individual of fish 

2) Acidosis in Jjeuciscus. (Table 39- 49, Figs. 7-8). 10 experiments 
which were conducted with Leudscus can be classified into 3 groups 
i. e., (1) Fall of pH due to O* want of water (Exp. 1-6) (2) Fall of 
pH due to low pH of water (Exp. 7-9) (3) Recovery of the lowered 
blood pH (Exp. 10). Besides 3 fishes which were used in each 
experiment 1 control fish which was kept in normal sea water wa.s 
employed in Exp. 2 and 6 for comparison. 

1. Exp. 1-6. Among 6 experiments, Exp 1 commenced to de- 
crease the blood pH by 1 hour later, which fell more and more 
with the time. In Exp. 2 the pH fall which was caused within the 
first 1 hour was examined, with the result that the blood pH once 
rose within 10 minutes and began to fall from 20 to 30 minutes 
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afterwards. While the control fish showed but an indistinct change, 
suggesting that the change found in the other fish is due to the 
lack of Oj in the water. Exp. 3 was a similar experiment to 
formar one, and a similar result was observed except in one fish (C) 
in which the blood pH began to decrease within 30 minutes, showing 
no increase at the beginning. In Exp. 4 all fishes decreased the blood 
pH with time, though one of them alone (A) once raised the pH by 
30 minutes later. 2 fishes employed in Exp. 5 decreased the blood 
pH after raising it within 30 to 60 minutes. In Exp. 6 the pH change 
of all fishes well agreed, showing that it rises in 30 minutes, and 
after this it deceases. In the control fish no change was observed 
(Fig- 7). 




Kig. 7. Decrease «f blood pH and 0_. content in breathing water 
(Leucucus, .\cido8is Exp 1, 2, 5, 6) 

Ordinate (left aide) — pH. 

Ordinate (right side) — Oj in cc. 

Abscissa — time in hours 




ACIDOSIS OF nSHFiS — CHANGE OF BLOOD pH 


279 


In short, the blood pH of Leuciscus decreases due to the O 5 want 
in breathing water. But 11 individuals among 14 fishes which were 
observed over 1 hour showed the apparent rise of pH by 30 minutes 
later, though the remaining 3 fishes showed some discrepancy. There- 
fore we can now conclude that in the acidosis caused by want 
blood pH dticreases later after rising once by 30 minutes. 

2. Exp. 7-9. The effect of the low pH of breathing water much 
differs from that of the Oj deficiency. In Exps. 7 and 8 the blood 
pH showed a marked decrease within 30 minutes, and the decrease 
was most markedly observed in fishes which maintained the high 
initial pH. Notwithstanding such distinct decrease in experimental 
fish, control fish made almost no change, indicating that the pH change 
observed in the experimental fishes is due to the effect of the low 
pH of water. In Exp. 9 the observations were made 3 times within 
30 minutes and the results showed that the pH decrease occurs as 
early as from 5 to 10 minutes later (Fig. 8 ) 



Fig. 8. Decrease of blood pH in the course of experiment {Leucia- 
cu*. Acidosis Exp. 7-4)). 

Ordinate — pH. Abscissa — time in hours 
Alphabet signifies the particular individual of fish 

3 . Exp, 10. In this experiment also the blood pH was rapidly 
decreased by the low pH of water, but it increased at a rapid rate 
when the fishes were replaced in the normal sea water, exceeding 
the initial pH from 40 minutes afterwards. Though this increase 
continued until 6 hours latef, it began to decrease thereafter, appro- 
ximating the normal pH by 48 hours afterwards. 
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To sum up, in Leuciscus the acidosis is caused either by lack of 
O. or by the low pH of the breathing water. 

But the effect of these 2 causes differs in the point that the O* 
want raises the pH once before it decreases, while the low pH of 


Difference 


Similitude 


II. 


fi- 


ll. 


water directly decreases the blood pHi 

3) Comparison of the actdosts of Cyprinus and l^euciscus. A 
comparison of these two spc-cies can be designated as follows. 

f I. Leuciscus induces acidosis by the low pH of brea- 
thing water, while Cyprinus does not. 

I^euciscus shows an apjiarent increase in blood pH 
prior to the subseiiuent decrease, while Cyprinus 
shows no such increase. 

In both fishes the acidosis is caused by Oj deficiency 
of water. 

Both fishes show reai-tionary increase of blood pH 
1 subsequent to the acidosis 

4) Relation of acidosis to the O. lack of breathing ivater. As it 
has been found that the Os want of breathing water becomes a main 
cause of the acidosis, a di.scussion will be given with regard to the 
relation which exists between acidosis and the ()> want. 

1. Cyprinus. In Exps l-.'S the dccreast' of the* O, content of 
water was relatively slow, and it increased rapidly from 7 hours after 
wards because of the introduction of fresh tap water. In response to 
such Ot change the blood pH reacted correspondingly, decreasing 
gradually by 7 hours later and increasing rapidly from 24 hours 
afterwards. 


In Exp. 6 in which the Oj content rapidly decreased within a 
few minutes, attaining about Z4°/o of the initial content, the blood 
pH abruptly commenced to decrease from .30 minutes afterwards, and 
reached the minimum after 2 hours. Next, in Exp. 7 the O, content 
reached the minimum after 1 hour from the start, giving about 1596 
of the initial content. The blood pH change in accordance with this, 
decreasing rapidly from 1 hour afterwards, though it varied somewhat 
with the individual (Fig. 9). 

Fig. 10 shows the decrease and increase of Oa and blood pH in 
Exp. 8. This figure not only shows that the blood pH changes in 
association with the Oj change but also that the degree of pH 
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Fig 9. Relation of the lowering of blood pH to the decrease of 
O3 content of breathing water (Cyprtmtii, Acidosis Exp 7). 

Ordinate fleft side) — pH 
Ordinate (right side) — Oj in cc 
Abscissa — time m hours 
Continued curve- lowering of blood pH 
Broken curve — decrease of Oj. 

Alphabet signifies the particular individual of fish 

decrease in a definite time greatly differs with the individual. 

In Exp. 9 the decrease of Oi was so rapid that it reached the 
minimum (0.8 96 of initial content) after 1 hour. Accordingly the 
blood pH decreased very rapidly showing pH 6.80 after 3 hours. 
Exp. 10 also showed an intimate relation of pH to the O, decrease. 

Exp. 11 and 12 were specially made to determine the relation of 
the pH to the Or change. In Exp. 11 the blood pH made no change 
until 3 hours later as the O* showed no remarkable decrease until 
that time. But as soon as O, began to decrease the blood pH also 
commenced to decrease. In Exp. 12 the blood pH was presumed to 
show no change until 4 hours later, inasmuch as the Os showed no 
change. After this, however, until 7 hours later the blood pH 
apparently decreased. 

This was probably caused by the Os decrease observed from 4 
hours afterwards. 

From the results above mentbned we can designate the relation 
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of blood pH to the Oj decrease as follows (5 experiments were cur- 
tailed as they lacked observations until 1 hour later). 



l''ig. 10 Relation of Iho luwoimK of blood pli to the derreose of 
(); content in breathing wntei (Cqpnnm, A( uIom^ Kxp 8) 

Oidinate (left side)- pH 
Ordinate (nght side)-- 0_. in ce 
Abscissa - time in hours 

A1|ihubet signifies the paiticulai individual of fish 

Tahi,k 10. 


No of Kxp 

'iime required to induic 

(). content when the pH 

the pH detrease 

bi-gan to decrease 

Kxp ;; 

1 •' OO"* after the start 



0. .",() 



0. .10 

SO?* 

„ « 

0. 10 


10 

0. 2t) 


.. 11 

0.,%'-2 ;!0 


12 

.1 ■■■.. 

C.CO 



The above table suggests to us that the greater the O; decrease 
the shorter the time. For instance when the Oj was left over 6096, 
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the blood pH did not begin to decrease. While it began decrease 
as early as from 10 to 30 minutes afterwards when the O* decreased 
to 22-50 9^. A discrepancy which was found in Exp. 10 may be due 
tT the individuality of fish or some other experimental conditions. 

The rate of the pH decrease was rapid in Exp. 6-10. moderate 
m Exp. 1-6, and slowest in Exp. 11-12. These facts also show that 
the rate of the decrease of blood pH is proportional to that of the 
Oj decrease. 

2. Ijmdscus. In Exp. 1 the rate of O* decrea.se was very slow 
in comparison with the following experiments, and in accord with 
tliis, the acidosis was also very slow (Fig. 7). Alkalosis which might 
have occurred previously to the acidosis was not found on account of 
the lack of observation. In Exp. 2 in which the Oj decreased very 
rapidly the blood pH showed a rise after 20 minutes, and after this 
it began to fall rapidly, giving a lower value than the initial pH. 
The control fish, however, showed almost no change, thus demonstrating 
that the pH change observed in this ca.se is due to nothing but the 
eff<*ct of the Oj lack in the water (Fig. 7). 

With regard to Exp. 3, in which the (), reached the minimum 
after 1 hour, the change of blood pH varied with the individual. A 
fish induced alkalosis when the O. decreased to 36^ and caused 
acidosis when the O, attained the minimuiYi. While another fish 
evenly decreased the blood pH from beginning to end. In Exp. 1 
the 0,1 decrease was so rapid that it became 0.9^4 of the initial value 
by 1 hour later, but the alkalosis which preceded the acidosis was 
not observed. Although the Oj decrease in Exp. 5 was slower than 
in the former experiment, the alkalosis appeared first and was followed 
by the acidosis (Fig. 7). In Exp. 6 the Oj decrease wa.s almost as 
rapid as in Exp. 4 and apparent alkalosis preceded the acidosis. While 
the control fish which felt no O* want, niwer changed the blood pH 
throughout the experiment, thus making certain that the pH decrease 
of blood undoubtedly is due to the Oa want of water (Fig. 7). 

In summing up the above descriptions, we are led to conclude 
that the acidosis which is caused by the deficiency of breathing 
water is usually preceded by a. light alkalosis. This alkalosis occurs 
as soon as the Ot begins to decrease, and reaches the maximum when 
the 0> content becomes 14-1 5?^ of the initial value. The more rapid 
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the decrease the earlier the acidosis. Furthermore we notice the fact 
that the typical change of the blood pH in which the acuiosis is 
preceded by an alkalosis appears to be caused by an extraordinarily 
rapid decrease of Oi. 


2) Alkalosis. 

1) Alkalosis in Cyjm'nus (Table 84-38, Fig. 11). In the five 
experiments of alkalosis the trends of the pH change varied more 
or less with the experiment, although in general tendency they accorded 
well. 

Exp. 1 showed that the blood pH showed almost no change till 
after 3 hours, but after this it gradually lose until it attained the 
maximum (pH 8.(X)) after 15 hours. Thereafter however, the pH 
gradually fell. Exp. 2 showed the peculiar tendency of the pH to 
fall before it began to rise after 4 hours, and after this the pH rose, 
exceeding 8,(K) by 24 hours later. In Exp. 3 the change of pH was 
not observed until 4 hours later, but after this time the pH obviously 



Numeral* attached to curve* denote the No. of experiment. 
Alphabet signifies the particular individual of fish 
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rose, reaching the maximum pH of 8.35 by 24 hours afterwards. 
From this time on howeer, the pH showed a slight decrease, though 
it yet maintained a little higher value than the initial pH. The fact 
that the blood pH rose as distinctly as just mentioned, notwithstanding 
the O, decrease of water, emphasizes the effect of the high pH water 
on the blood pH. Exp. 4 showed also a like tendency to Exp. 3 in 
the main, giving the highest pH after five hours. Thereafter the 
blood pH tended to decrease slifditly until 48 hours afterwards, though 
it was still higher than the initial pH. In this experiment also, the 
Oj content of water decreased markedly, so that the rise of the blood 
pH must be due to the effect of the high pH of water which sup- 
pressed the effect of the Oj deficiency of breathing water. 

In Exp. 5 the blood pH showed a decTease at first and attained 
the minimum after 30 minutes, but after this it rose excwdingly, and 
reached the highest value 5 hours later. Thereafter the pH slowly 
fell until 72 hours later, though it was yet slightly highcT than the 
initial value. 

[.ooking through the above results, one will be struck by the fact 
that in Exp. 1 and 5 the fishes .show distinct acidosis before they 
show the alkalosis. Of the other 3 experiments Exp. 3 and 4 lacked 
observation until after 30 minutes. Therefore it has not been known 
whether these experiments also brought about acidosis or not. But 
the fact the remaining one experiment (Exp. 1) also showed an acidosis, 
though only slightly, we may be able to surmise that Exp. 3 and i 
also might have caused the acidosis. As regards the cause of this 
acidosis it may probably be attributed to the decrease of O, in 
breathing water. In short, I am inclined to conclude that in Cypnnus 
the alkalosis is caused by the high pH of breathing water, although 
this alkalosis is, in the above cases, preceded by an acidosis due to 
O, want of water. 

2) Alkaloais in Leuciscus. (Tables 50-55, Figs. 12-13). Among 
the 6 experiments the first 2 were not successful, but the others 
brought about remarkable alkalosis by the high pH of water. 

lliough Exp. 1 and 2 showed the alkalosis by 30 minutes later, 
it suddenly turned into the acidosis. In Exp. 3 the alkalosis began 
with the start of the experhnent and the blood pH reached the 
maximum after 1.5 to 2 hours. But from 2 hours afterwards the 
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blood pH began to decrease, and gradually approximated the normal 
value by 48 hours later. This experiment is somewhat allied to the 
alkalosis experiment on Cyprinus, in that the pH rose rapidly at the 
beginning and continued for a long while. 

As the former experiment showed that the blood pH of Leucisctu 
markedly rises within 1 hour, Exp. 4 was carried out with a view to 
determine the mode of pH rise within 1 hour. The result showed 
that the blood pH rises rapidly immediately after the fishes are put 
in the high pH water giving an extraordinarily high blood pH after 
2 hours. 

One fish alone, which was highly weakened, lowered the pH 2 
hours later. It was a remarkable matter in this experiment that the 
acidosis which was observed in the alkalosis experiment of Cyprinus 
was not found. 

Exp. 5 showed a similar result to that of Exp. 8, raising the 
blood pH rapidly with the start of the experiment. The blood pH 
thus reached the highest value by 1 to 2 hours later. From 2 hours 
afterwards, however, the blood pH tended to decrease, notwithstanding 
that it still remained in the high pH water. Even after 24 hours the 
blood pH kept a much higher value then the initial pH (Fig. 12). 



Ordinate — pH. Abscisia — time in hours 
Alphabet siKnihes the particular individual of fiah 

In Exp. 6 the acidosis and the alkalosis were alternately and 
successively caused, in order to demonstrate accurately that the acidosis 
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and the alkalosis can be induced by forcing the fishes to raspire in 
the acidified or the alkalified water. 

In this experiment the alkalosis commenced with the outset of the 
experiment, giving the highest blood pH after 1.5 hours. As the 
fishes were transferred to the low pH water after this, their pH soon 
began to fall very rapidly. And the high pH which was attained by 
the alkalosis of 1.5 hours fell rapidly below the initial value within 
10 minutes. Thereafter the fall of the blood pH continued until it 
reached the lowest value of pH 6.75 after 30 minutes. At this time 
i. e. 2 hours and 10 minutes after the experiment started, the fishes 
were replaced in the high pH water, with the result that the blood 
pH which was depressed by the preceding acidosis soon began to 
rise, and after 40 minutes it by far exceeded the initial value (Fig. 13). 



fut, Alkslont Exp. 6). 

Ordinate — pH. .Wiscwia- time in houn 
Alphabet lignlfies the particular individual of fish. 

Among the experiments above mentioned Exp. 1 and 2, which 
showed no typical alkalosis, may be regarded as being affected by 
the Of want of water (Exp. 1) and the weakness of the fishes (Exp. 
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2), as either of these two conditions may become a direct cause of 
acidosis. In short, it deserves a special mention that the alkalosis in 
Leucisais which is caused by the high pH of water is not preceded 
by the acidosis. 

3) Comparison of the alkalosis of Cyprinus and Leuciscus. As 
before mentioned, both Cyprinus and leuciscus induce the alkalosis 
by the high pH of water, but as regards the detailed mode of alka- 
losis, they differ from each other. In the first place, in Leuciscus the 
alkalosis is caused very rapidly, within 1 to 2 hours. While in Cyirrinus 
it needed as long as from 4 to 24 hours, in the second, Cyprinus 
showed slight acidosis before inducing an aiiparent alkalosis, but 
leuciscus directly showed the alkalosis. Thirdly, the highest blood 
pH (8.35) attainable by Cyprinus seems to be higher than that (8.15) 
attainable by Leuciscus 


<C) CONCLUSION 

I) Acidosis in Cyprinus. 

1) In Cypnnus the acidosis is caused by the decrease of the 
breathing water (Exp. 1-7). 

2) The rate of the pH decrease in the above case is proportional 
to the rate of the O* decieasc. This can be verified by com- 
paring the results of Exp. 1-4 with those of Exp. 6-9. 

3) The lowest limit of the blood pH lowered by the O* want of 
the breathing water seems to be in the neighbourhood of pH 
6.80 as long as fishes survive (Exp. 9 -10). 

4) The fishes in which the acidosis was caused by the O, want 
of breathing water raise the blood pH extraordinarily, when 
they are replaced in natural tap water, much exceeding the 
initial value (Exp. 1-4). 

II) Acidosis in Leuciscus. 

1) In Leuciscus the acidosis is caused by the O* decrease of the 
breathing water (Exp. 1-6). 

2) The acidosis of Leuciscus caused by the Oj want of breathing 
water is preceded by a small but positive alkalosis which 
occurs within 30 minutes (Exp. 1-6). 

3) The lowest limit of the blood pH lowered by the O, want of 
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the breathing water seems to be in the neighbourhood of pH 
6.70, so long as the fishes survive (Exp. 10). 

4) Leuciscus decreases its blood pH rapidly by breathing the low 
pH (3.40) water (Exp. 7-10). 

."i) The acidosis which is caused by breathing the low pH water 
can readily be recovered by making the fishes breath natural 
tap water. In this rase the blood pH rises within a few hours, 
exceeding the initial value, and thereafter it approximates the 
normal value within 46 hours (Exp. 10) 

HI) Alkalosis in Cypnnus. 

1) In Cyprinus the alkalosis is caused by breathing the high pH 
(9.00 + ) water (Exp. 1-5). 

2) In this alkalosis the blood pH rises after once showing a small 
acidosis. 

3) The acidosis occurring in this ca.se seems to be due to the Oj 
want of water (Exp. 1-2). 

4) As far as the present data are concerncxi, the rise of the bliKid 
pH due to high pH of water reaches the maximum within 
about 5 hours. 

S') The blood pH rose as high as pH 8.35 in alkalosis, yet the 
fishes recovered their activity. 

IV) Alkalosis in Ijewtseiu 

1 ) In Leuciscus also the alkalosis is caused by breathing the high 
pH (9.00 + ) water. 

2) In the alkalosis of Leuciscus the blood pH begins to rise with 
the start of the experiment, and is never preceded by any 
acidosis. 

3) The highest blood pH attained in the alkalosis was 8.15, yet 
the fish recovered normal activity. 

4) In Leuciscus the acidosis and alkalosis can be alternately and 
rapidly caused without any indication of injury to the fish. 

5) In Leuciscus both the acidosis and alkalosis are far more readily 
producible than in Cyprinus. Indeed the acidosis such as that 
due to low pH water (3.40) is almost instantaneously brought 
about, though the alkaloeis is not so rapid as acidosis. 

V) The chief difference between the present two species regarding 
the acidosis consists in the point that in Leuciscus the acidosis is 
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caused very readily by the high pH of breathing water, while in 

Cyprinus it is never brought about by the same cause. 

IV. THE CHANGE OF THE COj-CONTENT OF BLOOD 
(A) THE COj-CONTENI OF THE BL(M)I). 

1) Cyprinus. It was pointed out in my previous investigation (44) 
that the COj-content of the normal blood of Cyprinus was found to 
be 45.2 vol^ in mean (from 16 individuals), ranging from 28.3 to 

58.7 vol?^. 

The results of the present investigation, which were determined on 
26 individuals, showed this to be 44.6 vol Yo in mean, ranging between 
33.4 and 68.4 vol?^. Consequently the mean of the two investigations 
(42 individuals) became 44.83 vol9^, showing a very close approxima- 
tion to the results of Wastlk (14), who gave 44.86 vol 9^. 

2) Leuctscu.i. With regard to the COe-content of the normal blood 
of Leuctscus I reported its mean value to he 18.3 vol?^ (from 5 
individuals) in my previous paper (26), ranging from 16.4 to 20.2 vol?^. 
In the present investigation, in which 48 individuals were examined, 
this value was found to be 165 vols» m mean, and ranged between 

10.8 and 23.7 volY- Therefore the mean of the two investigations 
(53 individuals) gives the normal content to be 16.67 vol?i. 

(B) THE CHANGE Ot THE CO^CONlENf OF BLOOD 
I) Acidosis. 

1) Acidosis in Cyprinus. (Tables 21-33, Fig. 14). The change of 
the COj-content pf blood shows a dose resemblance to that of the 
blood pH, as can be noticed by -comparing Fig 14 with Fig. 6. 

In Exp. 1-3 the COj-content showed a minimum value within 6 
hours. After this it tended to increase and exceeded the normal value 
after 24 hours, as the fishes were supplied with tap water. Though 
the COj-content thus changed with the pH in the 'main, the pH curve 
sometimes conflicted with the curve of COj-content because of the fact 
that even for a definite pH the CO/content varies to a considerable 
extent. In Exp. 4-5 also the COi-content changed with the pH, In 
Exp. 6, in which 6 individuals were employed, the curve of COj-content 
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showed some irregularity on account of the different individuals used 
for each observed points, and hence the curve was curtailed from Fig. 
14. In Exp. 7 the COt-content decreased far more rapidly than the 
pH, owing to a low value of COccontent for a definite pH. 

In Exp. 8 in which the pH showed a regular change, the CO,- 
content changed a little irregularly. For instance, some individuals of 
this experiment increased in COt-content with the recovery of pH, 
while in other individuals the COf-content continued to decrease, not- 
withstanding the pH increases. The change of the COfContent in 
Exp. 9 showed a good agreement with that of the pH. Exp. 10 
showed an irregular change like Exp. 6, as each determination in this 
series was made on a different individual. Accordingly the curve was 
not given in Fig. 14. In Exp. 11 also, the COj-content changed 
somewhat irregularly, though in general trend it decreased with time. 
In one of the fishes, designated A, on which 9 determinations were 
made, the COj-content changed very irregularly until it began to 
decrease regularly from 3,5 hours afterwards. In Exp. 12 the change 
of the blood pH was first markedly recognized from 7 hours after- 
wards, while the CO, -content lotably changed till that time (Fig. 14). 



Fig. 14. Change of CO,<ontcnt in blood in the courM> of ovoeri 
ment (Cypnnus, Aeidoiis Exp. 1-12). 

Ordinate — pH. Abadasa — time in hours. 

Numerala attached to curves denote iJie No. of experunent 
Alphabet signlBea the parUcular individual of fish. 
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In short, the change of the CO^-content in the acidosis of Cyprtnus 
does not show close parallelism to the change of pH, although in 
general trend the COj-content also decreases with the time. 

2) Acidosis in Leuctscus. The change of the CO, -content in the 
acidosis of Ijeuciscus appeared to vary with tlie cause of acidosis. In 
Exp. 1 the CO,-content changed in accordance with the change of the 
blood pH, decreasing with time. In Exp. 2, in which the pH rose a 
little within 30 minutes, the change of the COj-content agreed with 
the pH change in some fishes but not others. While the control fish 
showed only a little change, revealing that the change in CO, content 
in other fishes doubtlessly was due to the want of O, m the breathing 
water. 

In Exp. 3 in which the pH fell gradually with time, the CO,- 
content decreased in association with the pH change. In Exp. 4 also 
the COj-content decreased with the pH 

In Exp. 5 and 6 the COj-content changed in a similar manner. 
In both of them the CO, -content made a maximum rise after 30 
minutes, and after this it tended to decrease, reaching the minimum 
value after 2 to 25 hours. Thus these two experiments showed 
parallelism in the change of C02-content and pH (Fig. 15). 



F’ir. 15. ChariKe of CO, Lontent m blood in the i nurse of expen- 
ment {Leucuau, Acidosis Exp. 1, 6, HJ. ^ 

Ordinate CO, vo\%. Abscissa -time in hours. 

Alphabet siKnihes the particular individual of fish 

Exp 7-9 in which the acidosis was caused by the low pH of 
water, showed greatly different results from the 6 experiments above 
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mentioned. In Exp. 7 the CO*-ct>ntent remarkably increased by 30 
minutes later (in one fish it was a little delayed) quite contrary to 
the change of the pH which increased rapidly till 30 minutes later. 
This tendency was more markedly observed in Exp. 8 until 1.5 hours 
later, though after this the COrcontent showed a decrease (Fig. 15). 

Exp. 9 likewise showed an increase of CO*-content till 40 minutes 
afterwards, excepting in a fish which showed some discrepancy. 

In Exp. 10 the COrnmtent decreased by 1 to 1.5 hours later, 
and after that it increased. But from 24 hours afterwards is decreased 
with the pH. The pH in this experiment rapidly decreased until 20 
minutes later, and thereafter it increased markedly. Therefore the 
decrease of COj-content until 1 5 hours later showed a discrepancy 
with results of Exp 7-9. 

In brief, the above results suggi'st to us that in Exp. 1-6, in 
which the acidosis was caused by the Oj want, the COj-c’ontent changes 
with the pH just as in the case of Cyprinus. While in Exp. 7-9 in 
which the acidosis was caused by the low pH of water, the CO»-content 
changed inversely with the blood pH. 

II) Alkalosis. 

1) Alkalosis in Cyprinus. (Table 34-38, Figs. 16). In Exp. 1 
the COj-content decreased continuously until 6 hours later, showing 
some discrepancy to the change of the blood pH, and this decrease 
was especially marked in the later half of 6 hours. Thereafter it 
decreased in accordance with the decrease of the blood pH. In Exp. 
2, however, the CO|-content continued to decrease until 24 hours 
afterwards, indicating no definite relation to the blood pH. But with 
regard to the pH, it markedly rose from 7 hours afterwards, and 
accordingly the COj-content changed contradictorily to the blood pH 
from 7 hours afterwards. 

The results of Exp. 3-5 well accorded in the change of the ( O*- 
content. The Oj content decreased until 5 to hours later in contradic- 
tion to the rise of blood pH. Thereafter, however, it began to increase 
reVviTseJy to the blood pH whicji tended to decrease from that time. 

To sum up the above results, the relation of the change of COj- 
content to that of the blood pH appeared to be rather irregular in 



294 


8. KOKUBO 


Exp, 1 and 2, while in Exp. 3-5 an inverse relation was found between 
these two factors (Fig. 16). 



Ordinate — CO2 vol^.a Ahsri&sa - lime in hour'i 
Numerals attached to curves denote- the No of experiment 
Alphabet signifies the particular individual of fish 

2) Alkalosis in Leuciscus. In Exp. 1 and 2 the COj-content 
decreased till from 1 to 2 hours later, and for pH change which was 
observed after 30 minutes no change was observed. In Exp. 3 the 
COj-content changed, in the main, with the pH change, excepting in a 
fish which changed the CO, -content inversely to the pH change. In 
Exp. 4 the change of the CO,-content highly varied with the individual, 
and each fish changed the CO,-content irreguarly with time, showing 
no regularity. Exp. 5 likewise showed irregular results, and each fish 
changed the CO,content irregularly with time;, though these changes 
agreed only m the point that all the fishes manifested the highest 
value after 8 hours. 

In contrast to the above 5 experiments Exp. 6 showed rather a 
regular change in the CO,-content. All individuals increased the 
CO,-content with time, reaching the maximum at the end. But as 
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regards the parallelism with the pH change there seems to be no 
regular relation, as can be understood by referring to the distinct 
changes which were observed in the blood pH. 

Thus we see that the change of the CO,-content in the alkalosis 
of Leudsctis is veiy irregular in comparison to that of Cyprinus. 
With regard to the parallelism between the change of the CO, -content 
and the pH also no definite relation was observed. 

(C) REIJVTION BETWEEN THE pH AND CO, CONTENT 

1) Blood of Cyprinus. Since the blo<^>d of Cyprinus buffers, like- 
the blood of other animals, the CO,-content under certain values of 
pH becomes variable. In other words the blood of a definite pH 
contains much CO 2 m one case while less CO, in another case. I 
found in my former investigation (26) that even in normal fishes which 
lived under a normal condition CO, -content varies with the individual 
by some 15 vol?4 for the same pH. On the other hand, however, 
there is a loose but regular relation between the pH and the CO,- 
content, which signifies that the larger the CO., -content the higher 
the blood pH and vice versa. According to 36 determinations on 
the normal fishes in my former and present investigations the figures 
which represent th.^ relation bi‘tween the pH and CO..-content fall on 
a narrowly limited area, designated as the normal area, of the graph, 
(points denoting 36 determinations have not been given in this figure 
as they may perplex the graph). 

From the following relation a straight line is drawn which runs 
across the area or the centre of all the observed points (broken line 
in Fig. 17). 

CO, vol%-34. pH -200 

Examining the same relation in the case of the acidosis of Cyprinus 
(116 determinations) it was found that the result of each determination 
is distributed somewhat irregulary and in a wider area than that of 
the normal case. But from all the determinations we may draw a 
straight line by the following equation similar to the other case 
mentioned above (continuous line. Fig. 17) 

CO, vol96=-29.1 pH -182.7 
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By a comparison of the above two equations we notice that the 
steepness of the line of normal pH-CO^ vol?^ relation is a little 
greater than that of the 
acidosis These facts sug- 
gest to us that in a nor- 
mal case the blood buffers 
more strongly than in the 
case f)f acidosis 

Barckoft (9) investi- 
gated the CH-vCOj rela- 
tion (i. e CH-COj vol% 
relation) to the normal 
human blood, and gave 
th<' equation vCO;=84 
(10 * CM) 4 166 Ci e CO, 
vo\%=--SA (lO-" CH)4- 
16.6) Wasti.k and Seus- 
KEii (15) alsii studied the 
same relation on the blood 
of the bull frog, giving an 
equation vCO,='6.0 (10'' 
CH) + 38.3 (i.e. CO, V 0 I 96 
-60 (10-" CH) 4-38.3). 
'Fhese equations bear 
Fi(j 17 Companion of normul and acido close resemblance to my 
Ma^^arca, of the pH-t:0, vol?.' relation (Cypr. nation given aboVe. But 

"“ Area encircled with .ontmued line shows authors’ equations 

the norma) area Are formulated from the 



Area encircled with broken line shows the 
acidosis area. 

Ordinate — CO 2 vol%. Abscissa — pH 

Continuous slanting; line shows the pH-CO, 
vol?o relation in acidosis (CO, vol,”® "29 1 pH 
-182.7). 

Broken slanting line shows the pH-CO, 
vol?o relation m normal condition (CO; vol%-- 
34.0 pH -220 0) 

Number of circles denote* the number of 
observation repeated 


CO; dissociation curve, 
while in my case the equa- 
tions were as above men- 
tioned, derived empirically 
from all the observed 
points. Therefore it is 
not of so much significance 
to compare my equations 
with these of the others. 
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As can be seen in Fig. 17 the area of normal pH-COj vol?^ 
relation overlaps the area of acidotic pH-C()j vol?^ relation in the 
great majority of cases. But one will notice the fact that the area 
of acidosis is widely extended to the acid side thus indicating that 
the acid base balance of the blood 
was much shifted to the acid side. 

With regard to the pH-COt vol 9^ 
relation in the alkalosis the observed 
points which represent this relation 
are widely scattered, so that I have 
not attempted to deduce an equation. 

Among 77 determinations of the pH- 
COt \ol% relation 52 times, i. e. (>8»/o 
of the determinations, fell outside the 
normal area on account of the alka- 
losis caused by the high pH of walei-. 

In alkalosis the pH of the blood 
markedly shifted to the alkali side, 
while the CO.-content which was ex- 
pected to be increased with the blood 
pH, decreased to a great extent, ex- 
cepting in a few cases in which the 
CO*-content increased in response to 
the preceding decrease. The range 
of the change of COj-content for a 
definite pH was much wider than that Fig 18 Comiianson of nor- 

of the acidosis. But the decrease of mal «nd alkalosis areas of the 

the CO, -content was not so marked p” 

as that of the acidosis, and rarely fell CO, vol?.' 

below 15 Vol96 (Fig. 18l. Abscissa -pH. 

2) Blood of Leuciscus. The blood Area encircled with conti 

of Leuciscus also buffers though it is 



not so conspicuous as that of Cypri- 
nus. From 53 determinations which 
were carried out in my former and 
present investigations we can form a 
normal area of pH-CO, vol9^ relation 


Area encircled with dotted 
line shows the alkalosis area 
Two observations with identi- 
cal values are denoted with dot 
encircled with circle 
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as drawn in Fig. 19 (Area encircled with continuous line). Although 
the distribution of the figures in the normal area is much scattered, 
yet we formulated the equation CO, vol9^-7.9 pH—8.42 by a com- 
putation. 

As is seen from the normal area pH of the normal blood of 
Leuciscus varies between 7.00' and 7.70 and the CO,-content varies 
between 11 and 24 vol?^. The CO;-c-ontent varies most widely at pH 
7 30, and the pH vanes most widely at 18 vol?^ of the COj-content. 



Fig. 19. Compari*>n of normal and aiidosia areas of the pH-CO, 
relation (Leucucix). 

Ordinate — CO^ vol?«. Absc|s«i — pH. 

Area encircled with continuous line shows the normal area 
Area encircled with dotted line shows the acidosis area. 

Slanting line acrossing the normal area shows the normal pH-COj 
vol?i relation 

Numerals attached to dots denote the number of hbservations re- 
in regard to the case of acidosis this relatbn differs greatly from 
that of the normal case. Among 120 determination.s which were 
made in the course of acidosis, 67 points fall outside the normal area, 
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thus ind eating that the acid base balance is shifted to the acid side, 
and that the area of the distribution of each determination becomes 
very wide, on account of the acidosis. In the case of Cyprinus all 
the determinations fell closer to a straight line but in Leuciscus they 
were distributed very irregularly, showing even an increase of COr 
content in the pH below 6.90. 5 points which belong neither to the 
normal nor to the acidotic area in Fig. 19 are the results obtained 
from Exp. 10. As such high pH can be regarded as a special case 
found in the recovery, of acidosis these were excluded from either 
of the normal or acidotic areas. 

After all, it is noteworthy that the COj-content in the acidosis 
of Jjmciscus showed a very irregular relation for the bltiod pH, and 
showed an inclination that low pH often accompanies an abnormal 
high COj-content. For instance in Exp. 8, in which the pH was as 
low as 6 65, the CO, -content was as high as 32 2 vol?^ Moreover 
for the lowest pH (6.63) (Exp. 8) of the acidosis the CO>-contert 
kept 21.5 viil^. But in Exp. 6 the CO,-confent was as low as 7 5 
\oWo for the pH 6.70 and 6.83 

In general, in the case of acidosis a low pH is accompanied by 
a low COj-content, but in some cases wh<ie the free CO, tension of 
the blood s considerably high, the low pH accompanies a slightly 
higher CO, -content. Therefore the low pH which is accompanied by 
a considerably high CO,-content such as found in this experiment 
can only be explained by assuming the presence of considerably high 
CO, tension, or some other factors which will be stated in the discus- 
sion (see page 332). 

In the experiment of alkalosis the pH-CO, vol?^ relation was 
dete mined 103 times Among 85 determinations (excluding 18 deter- 
minations made in normal condition) 66 times, i. e. 88 of all deter- 
minations, distributed themselves outside the normal area (Fig. 20). 
Though these distributions are somewhat irregular, the shape of the 
area of acidosis suggests possible existance of an axis which is common 
with that of the normal area. And hence we may be safe to assume 
that the pH varies proportionally to the CO, -content, showing no 
such inverse relation as was ^n in the acidosis. 

The maximum CO,-content in alkalosis was 32.4 vol^ (Exp. 5) 
for which the pH was found to be 7.80. The minimum COj-content 
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was 6.0 vol'?^ (Exp. 1 ) for which the pH was shown to be 6.80 to 
7.00. These facts strongly affirm that the pH and CO»-content change 
propt>rtionally to each other. In short it is remarkable that in alkalosis 



Fig. 20. Companson of normat and rflkatosis an-as of the pIl-CO^ 
vol% relation (Letunscus) 

Ordinate — COj vol?.' Abscissa - pH 
Aren encircled with continuous line shows the normal area 
Area encircled with dotted line shows the alkalosis area 
Slanting line acrossing the normal area shows the normal pH-CO. 
so\% relation. 

Numerals attached to the dots denote the number of observanons 
repeated. 

the points which represent the pH-COt V 0 I 96 relation fall, in the 
main, on the alkali side of the normal area. These points, however, 
sometimes come to the acid side, so that the area of alkalos s becomes 
very wide, thus covering the normal area (Fig. 20/. 


(D) THE pH-CO, VOL% RELATION IN SEVERAL MARINE ANIMALS. 

The pH-COj vol 0/0 relation having been stated with regard to the 
blood of Cyprinus and Leuciscus, I wish to take this opportunity of 
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describing the same relation concerning several other marine animals 
with a view to summing up my present and former investigations. 

The regulation of the acid base balance m blood is one of the 
important characters of the blood. Particularly as regards aquatic 
animals, in which the blood or ooelomic fluid is brought into intimate 
contact with the external medium, this characters is worth special 
attention, as it may become a factor in judging the nature and extent 
of the adaptation of the animals to their environment. 

Formerly Bunge suggested that the presence of NaCI in the 
human tissue might be inherited from some marine ancestor. QumoN * 
extended this view to the blood, stating that the blood of most animals 
may be an altered sea water so far as the salinity is concerned. After 
that Macallum * advocated that the blood rff- animals might have 
originated from the sea water of the primitive ocean mainly for the 
reason that both the blood and sea water contain the same proportion 
of K and Ca against Na 

Macallum further stated from this idea that the actual difference 
which exists between the blood and sea water of to-day or between 
the blood of teleosts and that of elasmobranchs may be considered as 
due to the changes in the composition of sea water during a long 
geological period, and thus suggested the possibility of an evolutional 
illustration of animals from a view point of physiology. Recently, 
S. Hatai (25) presented an account of the evolutional consideration 
in regard to the body fluid of animals, and threw light upon the 
explanation of the comparative amount of Mg contained in the body 
fluid and sea water, thus emphasizing the above authers’ theory. 

Thus in the field of comparative physblogy we have seen, and 
will be, in future, confronted with questions which are allied to the 
problem above mentioned. In regard to the relation between the 
alkali reseirve and pH of the blood, very interesting and suggestive 
facts which also bear on the problem of evolution, as has been sug- 
gested by the various authors mentioned above, were revealed. I 
have shown a graph (Fig. 21) representing the normal area of the 
pH-CO* vol?^ relation of five marine and fresh water fishes, and 3 
mmrine invertebrates. In this figure the normal area of human blood 


' Indirectly cltad from Dakin (15). 
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which was taken from Austin and Cullen (4) is compared. One 
will notice from this figure that the human blood gives the highest 
alkali reserve and consequently the strongest buffer action. The blood 
of Salmo and Leudscus follows the descending order in that regard 
when compared with the human blood. The fishes which are situated 
lowest in zoological order come close to some invertebrates such as 
Caudina, an echinodermata so far tested. Among the two molluscus, 
Area follows Caudina and the Oyster is found situated in the lowest 
position of all. 

The above order which is based on the pH-CO» voWo relation 
accords well with the zoological order; that is, the human blood is 
located highest and that of fishes and other invertebrates follows this. 
Furthermore we notice that, among fishes, the fresh water fishes such 
as Cyprinus and Salmo occupy the highest positbn, and Leudscus, a 
brakish water inhabitant, comes next to the fresh water fish, thus 
showing a good agreement with the general doctrine that the fresh 
water animals are situated higher in the scale of evolutbn than the 
marine animals. Again, of the two marine fishes, Pseudomonacanthus 
follows the brakish water fish and Mustelus occupies the lowest posi- 
tion of the fishes. 

From this order, it is also interesting to note that the brakish 
water fish is situated between the fresh and sea water fishes, and the 
primitive Mustelus is located just above the invertebrates. Amongst 
three invertebrates Caudina an echinodermate, came above the mol- 
luscs, likewise showing a good coincidence with the systematic order. 

Dealing this subject more in detail we found that in the normal 
human blood the pH changes but in a very narrow range (pH 7.30 
to 7.50), while the COf-content varies in a wide range (55 to 74 vol?^). 
Therefore as can be seen in Fig. 21 the normal area shows a slender 
form lengthwise. This means that human blood buffers well against 
the accumulation of carbonic or other acid, thereby preventing the 
pH change due to invasion of acid from without. 

As for the blood of Cyprinus the pH 'and OOrcontent change in 
a relatively wider range (pH 7.40 to 8 J 20 , CO, content 28 to 51 V 0 I 96 ). 
Consequently the normal area becomes much wider than that of the 
human blood. Such wide change of the CO, -content as seen here 
must denote a strong buffer of the blood, provided the pH remains 
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unchanged or changed but a little. But as just mentioned, the pH 
of the blood of Cyprinus changes considerably, showing rather a poor 


buffer. This seems to be due to the 
nus the change of the free CO»- 
tension is much greater than in 
that of the higher animals. And 
horce by the decrease or increase 
of this tension, the blood pH 
rises or falls in spite of the wide 
variation of COj-content. 

In the blcod of Salmo and 
Lcuciscus the CO, -content, i. e. 
the alkali reserve, is much less 
than that of Cyprinus. But as 
to the property that both the pH 
and CO, -content change in a 
relatively wide range it is the 
same as Cyprinus. 

With regard to the sea fishes, 
in Pseudomonacanthus and Muste- 
lus the CO, -content is by far 
smaller than that of the former 
species, and the changes of the 
pH and CO, -content are very 
limited. Though these two spe- 
cies show no marked difference 
from each other in their CO,- 
content, the pH is pronouncedly 
higher in Mustelus, thus showing 
an approximation of this species 
to the lower invertebrates. 

Among 3 species of inverteb- 
rates Caudina follows the above 
two fishes in its COrContent, 
ranging from 7 to 11 vol?^, bi^ 
the pH is the highest of all, 
excepting Cyprinus, and ranges 


fact that in the blood of Cypri- 



Fig. 21. Companson of the normal 
areas of pH-CO* vol?i relation of the 
blood of various animals. Thw graph 
was compiled from the data presented 
in my present and former inveatiga- 
tions (Kokubo. 27. 28). 

Ordinate — CO, vol?». 

Abacisia — pH. 

Area encircled with line shows the 
normal area of pH-CO, voI?» relation. 

H — Homo. CP — Cyprinus. 

S — Salmo. L — Leuciacus. 

P — Pseudomonacanthus. 

M — Mustelus. CO — Caudina. 

A — Area. O — Ostrea. 
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between the pH 7.70 and 8.00. 

Of two molluscus, Area changes its pH as well as its CO, -content 
in a narrow limit, the pH ranging from 7.70 to 7.90 and the CO,- 
content from 5 to 8 vol9^. In the Oyster both the pH and COa- 
content were pi-onouncedly lower than those of Area, and indeed it 
was the lowest of all the animals examined. The CO, -content showed 
a close resemblance to that of the sea water, and changed in a narrow 
limit, ranging from 3 to 5 \o\Yo- But as for its blood pH the change 
was very extensive, ranging in normal condition from pH 6.80 to 7.80. 
Therefore the normal area of the pH-CO, vol?^ relation became a 
slender form breadthwise. Such a form of the normal area makes 
a sharp contrast to the human blood, showing that the buffer action 
which was very strong in the human blood is exceedingly weak in 
the Oyster. The difference of the normal area between Area and 
the Oyster is also of interest as seen from a biological point of view 
For such an animal as .4rcfl, which lives in the deep muddy bottom, 
needs no change of the blood pH as it is surround by constant 
environmental factors. While in the Oyster which resides between 
the tide marks, it is often exposed for a long while to the air closing 
its shells, which forces it to cease normal respiration. As already 
pointed out in my previous paper (29) the pH of the blood naturally 
lowers in such a case. This is why the normal area of the Oyster 
fluctuates so widely breadthwise. Regarding the biological interest of 
the pH-CO, xoXVo relation, readers are referred to my former paper 
(29). 

Thus far I have mentioned the physiological behaviour of the 
blood, and I shall now turn to the problem of adaptation in connection 
with the behaviour of the blood. In animals in which the mechanism 
of respiration is controlled by the central nervous system, and the 
respiration, in addition, is made in stable conditions, like mammalia,, 
the acid base balance of the blood is chiefly regulated by the lung 
and kindney, so that the blood pH may be limited to a narrow change 
in virtue of the alkali reserve. 

But fishes, especially fresh water fish such as Cyprinus, live under' 
varied external conditions and often they are forced to live in a small 
mass of water under unfavourable living conditions. In additkm the 
mechanism for the regulation of respiration seems less developed in> 
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fishes. Accordingly it seems that the mechanism for evaporation of 
COi or elimination of alkali is not so well provided as in mammalia. 
On account of such a relation the Cyprinua appears to be forced to 
alter its blood pH and CO,-content in spite of its considerable alkali 
reserve. This aindition may also be the case with the other fresh 
water fishe~s such as Salmo and Leuciscus, whilist in lower animals, 
such as invertebrates, the alkali reserve, i. e , the COi-content, is much 
less, and naturally the blood pH changes in a very wide range. 
Therefore it can be said that fishes resemble the higher animals in 
their high alkali reserve, but on the contrary they show a similarity 
to the lower animals in their variable blood pH. It is tempting from 
these facts to assume that the fishes are in the process of a transition 
from aquatic to terrestrial life, when considered from the behaviour 
of blood. If this assumption is granted then the fact that m the sea 
fish the COj-content is relatively prxir and the change of the pH and 
COj-content is rather limited may be explained as being due to the 
reason that these fishes have not yet started the course of evolution 
from sea to fresh water. Hence the alkali reserve of the blood might 
not yet have been increased in the sea fishes. 

Of three invertebrates examined Caudtna lives in the sandy bottom 
of the neighbourhood of the low tide mark and its habitat is often 
exposed to the air. It appears to be an adaptation for such environ- 
mental conditions that Caudina is furnished with a relatively rich 
alkali reserve in comparison with Area and the Oyster. Finally, in 
the Oyster we find a significant interrelation between the blood alkali 
reserve and its habits, as the Oyster lives at the tide mark and must 
<>ften endure air exposure for a considerable time. 

Therefore the Oyster must prevent the lowering of blood pH due 
to anoxaemia, by the alkali reserve. Yet the alkali reserve of this 
animal is very scant as can be seen in Fig. 21. This serious want 
of alkali .is made ' up for by another great stock of alkali, i. e., the 
shell carbonate of the animal. The significance of this alkali reserve 
to the adaptation of Oyster, is stated in detail in my previous article 
t29). After all an existence of mlimate interrelation between the 
degree of the alkali reserve and dm habitats of the animal may be 
)explained from the above mentioned statements When the afore- 
ihemioned animal ^are arranged according to their alkali reserve the 
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resuiting order suggests strongly the gradual transition of animals 
from aquatic to terrestrial life. 

Homo. Cypnnut Salmo. Leuciscut. Paeudomonacanthu^ Muatelua Caudtna Area. Oyster. 

I I j I , 1 

l.snd'^Fresh Water*- Brakish water 4 Sea Water 


(E) CONCLUSION 


(I) Acidosis in Cyprinus. 

1) The COs-content of the blood of Cyprinus decreases with t{ie 
fall of the blood pH. The mode of change of the COj-content 
accords, in the main, with the pH change 

2) The COs-content which was decreased by the acidosis increases 
reactionarly and suddenly, when the fishes are transferred to 
the normal condition. (Exp. 3-5) (Fig. 16). 

3) In the acidosis of fishes the COfContent often changes contra- 
dictorily to the pH change. This is probably due to the high 
or low tension of free CO,. 

4) The lowest limit of CO, -content due to acidosis was 5.7 V 0 I 96 
(Exp. 5) during survival, but decreased to 3.7 vol?^ after death. 

5) The pH-CO, vo\o/o relation of the blood in normal and acidotic 
conditions can be represented by the following equatbn (Fig 
17). 

CO, vol^^29.1 pH-182.7 (Acidosis) 

CO, vol9^=34.0 pH -200.0 (Normal) 

6) The area of the pH-CO, vol?^ relation is shifted to the acid 
side by acidosis, and enlarges its area at the same time. (Fig 
17). 

7) The CO^content of the normal blood is now found to be 44.83 
vol?^, by summing up my present and former (28) investigations. 

(II) Acidosis in Leuciscus. 

1) The CO, -content of the blood of Leuciscus is markedly changed 
by acidosis. The mode of this change varies with the cause 
of the acidosis. 

2) In the acidosis due to O, deficiency of water, the CO, -content 
decreases with pH (Exp. 1-6), while on (he contrary, in the 
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acidosis due to the low pH of breathing water the COt-content 
increases (Exp. 7-9t. 

3) The lowest limit of the CO»*content due to acidosis is 8 \o\Yo 
so long as the fish survives (Exp. 6 ) but still further decreases 
to 7.5 V 0 I 96 after its death. 

4) After the acidosis which is caused by the acid water, the CO,- 
content of the blood suddenly increses when the fish is again 
subjected to the respiration in natural conditions (Exp. 10). 

5) In the blood of normal Leuciacua the pH-COt vol 9 ^ relation 
can be expressed by an equation “ CO, vol^i =7.69 pH — 38.42 ”. 
Such linial relation seems not to be the case with the acidotic 
condition, as an inverse relation is shown between the pH and 
the CO,-content under the range below pH 6.90 (Fig. 19). 

6 ) The area of the pH-CO, vol 9 < relation is shifted to the acid 
side by acidosis and consequently enlarges its area' (Fig. 31). 

(III) Alkalosis in Cyprinus. 

1) The COj-content of the blood of Cyprinus decreases with the 
rise of the pH which is caused by alkalosis. 

2) The decrease of CO, -content due to alkalosis is followed by an 
abnormal and sudden increase of the COrcontent, when the 
fish is again subjected to normal conditions. 

3) The lowest limit of the decrease of CO,-content due to alkalosis 
is 4.5 V 0 I 96 (Exp. 1 ), and the highest limit, which was reached 
at the time of recovery, was 68.4 vol?4 (Exp. 3). 

4) In the alkalosis the pH-CO, vol?4 relation becomes somewhat 
irregular, although both change, in the main, proportionally to 
each other. 

5) The area of the pH-CO, V 0 I 96 relatbn markedly shifts to the 
acid side, increasing its area at the same time (Fig. 18). 

(IV) Alkalosis in Leuciacua, 

1) The dhange of the COr^ntent of Leuciacua due to alkalosis is 
ratha* irregular for the change of blood pH (Fig. 20). 

2) The lowest limit of the decrease of CO»-content due to alkalosis 
is 6, vd96, and the highest limit due to recovering increase is 
32.4 V 0 I 94 . 

3) TTie area of the pH-CO, vol94 relation is shifed to the alkali 
side by alkalosis, enlai^ing its area at the same time (Fig. 20). 
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(V) A comparison of the alkali reserve of several marine animals 
suggests to us the degree of the adaptation of these animals for 
environment, and its significance to a provable evolutional course 
from marine life to inland life is discussed. 


CHAPTER 111. 

GENERAL PART 3. behaviour of fishes 

The behaviour of fishes during the experiment was carefully 
observed, since it is intimately related to the experimental results. 

T) BEHAVIOUR OF CYPRINUS The general habits of this fish are 
well known. When, however, this fish was placed in the experimental 
jar it was excited by the change of water temperature, pH, and other 
unfamiliar surroundings. But from 10 to 15 minutes afterwards it 
gradually became adjusted to the new condition, breathing quietly on 
the bottom of the jar. Then it swam normally aiound the vessel, but 
with the decrease of Oj in the water it floated and breathed the 
surface water. If the Ot was further decreased, the fish exhibited 
gasping, and gill movements and its reflex became marked. With the 
lapse of time the fish weakened and became agonized, shaking its 
head convulsively and sometimes springing out of the vessel. There 
after it lay on the bottom, lireathing first irregularly and then inter- 
mittently, and finally died. 

(A) Acidosis and Susceptibility. 

It is obvious that the weakness of fishes which was observed during 
the experiments might be due to the acidosis. But the abnormal pH 
per se also may have injured the animals to some extent. 

The resistance of fishes to the O. deficiency of water varies with 
the individual, and physiological or external conditions. However the 
fishes tended to float on the water surface when the O, decreased 
below 3 cc per litre. When the O* became 1 cc or less the fishes 
gasped, indicating aii respiration, and died with a further decrease of 
Oj. With the pH as low as 3.7 to 3.90 the fish survived without 
any fatal effect. 

As for the relation of blood pH to death and recovery, it was 
found that the fish showed some debility as the blood pH became 
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pH 7.15. With the further weakness of fish the pH often lowered 
to 6.80. Even from such lov^' blood pH the fish can yet recover, but 
if the pH decreases still lower it becomes unable to recover. As will 
be seen in the annexed table, the blood pH showed a meim value of 
6.63 (mean of 6 observations) when the fishes died. The COj-content 
also showed a like relation, giving about 20 vol^ when the fish were 
weakened and 10^4 or thereabout after death. 

Tabue 11. 


No. of Exp 

Condition of fish 

Blood pH 

COrvol?, 

1 

Weakened, but recovered 

6.90 

17.6 

2 

Vigorous 

7.25 

.11.0 

8 

Weakened, but recovered 

7.15 

24.7 

4 


7.00 

82.8 

6 

Died 

6.00 

6.7 

6 


7.00 

10.0 

7A 


6 80 

11,9 

..B 


6.80 

7,8 

..C 


6.70 

12.9 

..D 


6.75 

9.8 

..E 1 


6.75 

11.9 

8 

j Weakened, but recovered 

7.5.1 

12.7 

e 


6.80 

1.1.9 

11 


6.00 

19.0 

12 j 

NormaL 

7.46 

.19.. 1 


(B) Alkalosis and Susceptibility. 

It was noteworthy, in the first place, that the alkali water was 
so stimulating for fishes. that they needed 1.5 to 3 hours to become 
adjusted, while to acid water they became adjusted within 20 minutes. 
Secondly, in alkalosis the fishes began to lose their strength as late 
as 6 or 7 hours after the beginning of the experiment This showed 
a marked contrast to the effects of acidosis, in which the fishes were 
weakened within 1 hour Thirdly, in the experiment of alkabsis the 
fish seldom died, while in the case of acidosis many fishes died. 
From these facts we notice that the idkali is more of a stimulus than 
the acid at fiirst, but as to ultimate effect, the acid is more serious 
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than the alkali. Moreover we can say from the above result that 
Cyprinvs is less resistant to acidosis than to alkalosis. It may also 
be said that the fishes were less weakened by Oj want in alkali water 
than in acid water, because many more fishes died m acidosis than in 
alkalosis, despite the fact that the experiments were made equivalent 
in regard to the decreasing O, of water. 

Regarding the reason why the alkali water was more favourable 
than acid water we may give the following two suggestions. First, 
the blood pH rose in alkalosis and dropped m acidosis, while the 
CO, -content alike decreased in both conditions. Therefore we are 
led to consider that the factor which unfavourably affected the fish 
may have been the lowered blood pH. Se<‘ondIy, the fact that 
alkali water is more favourable than acid water seems to hint the 
general rule that protoplasmic alkalinity favours oxydation while acidity 
retards it. 

The relation of the condition of fishes to the pH and COj-content 
of blood is shown in the following table. 


Table 12. 


No. of Exp 

Condition of 
fishe 

Blood pH 

CO, vol?^ 

1 

Dird. 

8.00 

4.6 

2 A 

Recovered 

8.16 

21.0 

B 


8.06 

12.0 

S A 


8.30 

34.8 

B 


8..T6 

20.0 

4 A 


8.26 

16.0 

B 


8. .36 

2C.1 

6 A 


8.23 

16.0 

B 


8.26 

16.0 


II) BEHAVIOUR OF LEUascus. Leuciscus is anadromous in nature 
and can live in fresh water as well as in sea water. This fish shows 
no indication of injury even when it is transferred from sea to fresh 
water, or vice versa. 

I once made an observation, transferring 3 specimens suddenly 
from sea to fresh water. These fishes seemed to feel no agony or 
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injury as a result of this transfer. But it was remarkable that they 
sank readily to the water bottom because of the sudden decrease of 
bouyancy. Until 1 hour later they were incapable of getting afloat 
by movement of the fins. After that, however, they floated and 
recovered their normal state jin 2 hours. 

The behaviour of fishes during the experiment varied with the 
experimental conditions. But in general they behaved more or less 
roughly when they were removed to the ejcperimental jar. From 5 
to 15 minutes afterwards they became quiet, and floated after from 

Table 13. 


No. of 
Exp. 

Fish 

Condition of fishes 

Blood pH 

COa \o\% 

1 

A 

Died 

7.00 

12 . n 


B 

Murh weskcned, died after blood taking. 

7.80 

1.1.9 


C 


6.00 

12.8 

2 

A 

Left in a dying condition. 

7.00 

18.6 


B 


6.00 

17.6 


C 


7.00 

16.7 


D 


7.00 

16.7 

3 

B 


7.08 

16.2 


C 


7.06 

19.0 ^ 

4 

A 


6.00 

12.0 


B 


7.00 

12.0 


c 

Died. 

6.00 

11.0 

6 

B 

Left in a dying condition 

6.76 

16.7 


C 


6.90 

- 16.7 

0 

A 


6.90 

9.0 


B 


6.80 

8.0 


C 


6.70 

7.6 

7 

A 

„ 

6.80 

16.2 


B 


6.70 

22.1 


c 


6.70 

22.1 

8 

A 

„ 

6.66 

27.4 


B 


6.70 

17.6 


C 

Died. 1 

6.63 

21.6 

9 1 

A 

Left in a dying condition. 

6.86 

19.7 


B 


6.80 

19.6 
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20 to 40 minutes. After gasping or making air respiration for a 
while, they became weakened from 30; minutes to 1 hour afterwards, 
and died after 2 to 4 hours. In E^p, .6 and 6, which were carried 
out using fresh water, the weakness of fishes was first obs<*rved as 
late as 1.5 hours afterwards, thus shoeing an appreciable distinction 
from the other experiments. I 

(A) Acidosis and Susceptibility. In the acidosis of Leuctscus the 
fishes seldom recovered. The pH and the COi-content of the blood 
after death or while dying is listed in the Table 13. 

As can be seen in the above table the lowest pH (6.63) was found 
in a dead fish of Exp. 8, and the highest value (pH 7.30) was deter- 
mined on a weakened fish in Exp. 1. The mean pH value of 26 
acidutic fish was found to be 6.89. Among these 25 determinations 
3 dead fish showed this value to be 6.85 in mean, indicating a slightly 
lower value than' that of the weakened fishes. From these results 
we may conclude that the critical pH which fatally affects the fish 
IS in the neighbourhood of 6.86. But under the condition of alkalo.sis 
(Elxp. 6) some exceptions must be admitted, because in this case 2 
fishes recovered their vigour from as low a pH as 6.75. 

As already stated, the critical and postmortem blood pH of Cyprinva 
was 6.80 and 6.63 respectively. Comparing thest* values with those of 
Leucisciis we may say that Leuctscus is less resistant to the low blood 
pH than Cyprinus. As for the Oyster, which was studied in my 
previous work (29) the critical pH was as low as 5.00. 

Hence the fatal blood pH for these animals can be designated as 
follows. 

Leuctscus hakuensis. pH 6.86 
Cyprinus carpio. pH 6.80 

Ostrea circumpicta. /• pH 5.00 

Next, with regard to the COi-content, the mean value of 25 indivi- 
duals was 16 vol9^, and the lowest value (7.5 vol^) was found in 
the fish C of Exp. 6, which was almost in a dying co^idition. While 
the highest value 27.4 vol% was determined on the fish A of iCxp. 
8, which was also in a dying condition. Among 25 determinations 
3 specimens which were examined immediately after death showed 
the mean value to be 14.9 vol?^. This valhe was just equivalent to 
87% of the normal value. Therefore it can be said that Leuciscus 
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will be fatally affected if the CO»-content decreases below 16 vol?^, 
i. e. 87 vol9^ of the normal value. 

In the acidosis of Cyprinus, however, the fish showed weakness 
when the COrcontent became 120 vol?^, i. e., 44?^ of the normal value, 
and died after reaching 10 vol?^, i. e., 22?^ of the normal CO, -content. 
Comparing these relations to those of Leuciscus we notice that Leucis- 
cus is by far less resistant to the decrease of ■ alkali reserve than 
Cyprinus. 

(B) Alkalosis and susceptibility. Leuciscus was not so markedly 
stimulated by alkali water as Cyprinus, and behaved almost equally 
either toward acid or toward alkali. But as to susceptibility, Leuciscus 
also showed, like Cyprinus, more resistance to alkali water than to 
acid water. Indeed in the experiment of alkalosis most fishes reco- 
vered their activity while in acidosis nearly all the fishes died. The 


Tabij; 14. 




Blo<Ki pH 

CO, 

viA% 


Exp. 

Fish 

Maximum 

After 

death 

Maximum 

After 

death 

Condition of fish 

1 

A 

7.65 

7.00 

13.2 

8.0 

All died 


B 

7.63 

0.80 

14.6 

6.0 



C 

7.20 

6.85 

16,7 

8.8 


2 

A 

7,36 

7.26 

16.0 

10.9 



B 

7.36 

7.06 

19.9 

11.6 



C 

7.31 

7,06 

16.8 

11.6 


3 

A 

7.80 


18.1 


Recovered 


B 

8.07 


24.8 



i 

c 

8.10 


19.3 



4 

A 

7.43 

6.97 

17.3 

17.3 

1 died, 2 recovered. 


B 

7.60 


14.1 




C 

7.92 


21.2 



6 

A 

7.90 


20.3 


Recovered 


B 

7.80 


18.8 

1 



C 

7.87 


21.8 j 




A 

7.68 


16.6 1 




B 

8.16 


24.7 j 




C 

7.78 


18.4 j 
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relation of the condition of fishes to the bl(X)d pH and COi-content 
is listed in the Table 14. 

As will be seen in the above table all the fishes raised the blood 
pH above the normal value. But in the fishes which were dead by 
the end of the experiment, the blood pH and COj-content likewise 
decreased abnormally after death. Thus we know that the blood 
pH and COj-content show a rapid decrease as soon as the fish dies. 
In the fish which recovered, the rise of blood pH during alkalosis 
was especially marked, showing sometimes as high a pH as 8.15. 
Therefore we may infer that Leuciscus would not be affected fatally 
by a blood pH of 8.15 or thereabout, provided such pH lasts but a 
short while. The COfContent showed an almost normal value, except 
in the dead fishes in which an apparent decrease was observed. As 
no particularly high COj-content was observed the fishes may not be 
affected by it to any appreciable extent. 

Among three experiments (No. 1, 2, 4), in which the fishes were 
fatally affected. No. 2 showed relatively low blood pH notwithstanding 
the extremely high pH of breathing water (pH 11.00). This seems 
to suggest to us that the extraordinarily high pH (11.00) affected the 
fishes per se before it caused alkalosis. Therefore we may conclude 
that the pH in the neighbourhood of 11.00 fatally affects the fishes. 

Ill) FREQUENCY OF RESPIRATORY MOVEMENTS The frequency of 
respiratory movements attracted our attention as an index to signify 
the respiration stamina of the fishes. The respiratory movement varies 
not only with the species but also differs according to the water 
temperature, the movement of the fishes, the Oj-content of the water, 
and the individuality, and vigour of the fishes. As the frequency is 
referable to so many condition, as just mentioned, the complete 
understanding of this phenomenon was considered to be very difficult. 
According to Babak’s (5) citation of M’Kendrick’s results, Leuciscus 
phoxinus, Leuciscus vulgaris, and Cyprinus gebelis, each measuring 
from 2 to 4 inches, show the extreme frequcnqy (per minute) to be 
120, 72, and 40 times respectively. 

Moreover the same author cites from P. Bert’s result that speci- 
mens of Cyprinus which measured 1.3, 37, and 120 gms indicate a 
frequency of 92, 35, and 8 times respectively, thus hinting a relation 
of frequency to the size of the fishes. With regard to the Japanese 
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Cyprinus the knowledege of this relation seems to be very meagre. 
MaSugi (33) observed the respiration movement of Cypnnus, by 
perfusing the respiratory center with a saline solution. His result 
shows that fishes measuring from 380 to 570 gms. show a mean fre- 
quency of about 70 times per minute, though it ranged between 45 
and 128 times. Yoshida (45) made a similar obseswation on Japanese 
Cyprinus. His data show that the frequency of the fishes measuring 
300 to 600 gms. ranges from 40 to 70 times per minute. 

Though all the above observations were made on the same or 
allied species to my own, these authors, to our regret, did not observe 
the water temperature, so that it is relatively of little significance, to 
compare my results with theirs. 

(A) Respiratory Frequency of Cyprinus in respect to Acidosis and 
Alkalosis. 

In the present study the respiration frequencies were observed in 
all cases of acidosis and alkalosis. Although these observations were 
made under experimental conditions, the change during the experiment 
may be inferred from the data enumerated in the following table. 
The water temperature during the experiment varied in a considerable 


Table 15. 


Acido- 

sis 

Relation between blood 

Change of 

Reap. freq. 
(per min.) 

Water temp. (<^) 

Exp. 

Na 

pH and reap, freq 

Blood pH 

Mean 

Range 

Mean 

Range 

1 

Reap. freq. decreased with pH. 

6.80-7.06 

67 

48- 66 

14° 

11.8“-16.2° 

2 

No relation between pH and 
reap. freq. 

7.26-7.96 

47 

32- 61 

12° 

10.0''-12.2° 

8 


7.16-7.90 

42 

20- 63 

11° 

10.0M2.2* 

4 


7.16-7.90 

73 

86- 97 

26* 

10.6“-2f..S° 

6 


7.00-7.76 

79 

.90-103 

26° 

10.3°-26.2° 

6 1 


6.86-7.80 

81 

39-106 

20“ 

6.3“-20.6° 

7 

„ 

6.90-7.60 

69 

64- 80 

IS? 

4.6°-23.r 

8 

Reap. freq. decrMeed with pH. 

6.70-7.87 

67 

60- 80 

16° 

4.r-16.0° 

g 

10 

No relation between pH and 
reap. freq. 

6.86-7.87 

6.90-7.60 

60 

68 

47- 81 

46- 62 

16“ 

20“ 

4.0°-16.8° 

6.7°-20.2° 

11 


6.90-7.91 

56 

33- 74 

11“ 

6.0°-16.0‘’ 

12 

•• 

7.46-7.70 

64 

40- 60 

14“ 

12.6°-16.6° 
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range, therefore the range of its variation is also given in the above 
table and mean temperaturt* only designates the temperature which 
dominated the duration of experiments. 

As can be seen in the above table, Exp 1 and 8 showed that 
respiratory frequency decreases with the blood pH. In t,xp. 2 and 3 
the frequency was dominated only by the water temperature, and has 
nothing to do with the blood pH. In Exp 4, 5 and 6 the minimum 
blood pH was observed from 2 to 5 hours afterwards, while the 
maximum respiration frequency was shown after from 20 to 30 
minutes, thereby indicating that there is no parallel relation between 
these factors Exps. 7, 10, 11 and 12 showed no regular relation of 
the respiration frequency to the blood pH. 

Therefore it may be safe to conclude that there is no regular 
relation between the blood pH and the respiratorj' frequency as far 
as the present study is concerned. This well coincides with Barr s 
(10) opinion that the blood reaction is not the predominant factor in 
the control of breathing. And further it supports Gesell’s (19) 
statement that the activity of the respiratory center is not in direct 
relation to the H ion concentration of the arterial blood. 

L. J. Henderson (26) also states that ‘ The theory which assumes 
a single stimulus (blood pH) seems today too simple; it assumes a 


Table 16. 


Alkalosis 


Change of 

Resp 

(per 

mm*)' 

Water temp (C*) 

No. 

Fish 

pH and resp freq 

blood pH 

Range 

Mean 

Range 

1 

A 

No relation between pH 
and resp. free] 

7.40-8.00 

61 

.’5.1-77 

16.0” 

8.3“ -16.7’ 

2 

A 


7.60-8.16 

65 

.12-67 




B 


7.30-8.06 

6.8 

26-67 

16.0“ 

7.0’-17.r 


A 

Resp. freq. normal when 
the pH was highest 

S.OO-S..^ 

62 

26-60 




B 


8.20-8.86 

4«.. 

22-6() 

11.0° 

4.6’-12.0“ 

4 

A 


7.96-8.36 

89 

24-68 




B 


7.B7-8.27 

44 

22-60 

11. 6” 

7.0“-12.6’ 

5 

A 

Resp. freq indifferent to | 

7.68-8.23 

47 

24-69 




B 


7.67-8.26 

44 

28-66 

11. 

6.0“-12.0“ 
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process lacking in flexibility, which overlooks or at least seems to 
disregard the dependence of breathing upon a great many factors 
and the organic harmony which subsists among them 

Consequently it follows that the general principle that the H ion 
is the sole exciting agcmt of the respiratory center can no longer be 
tenable. 


Ta3LE 17. 


AcidoSIR 


Range of 
the Change 
of blood 

pH 

Kesp 

freq. 

min.) 

Water temp. (C°) 

nT' 

Fish 

pH and reap Ireij 

Mean 

Range 

Mean 

Range 

1 

A 

B 

c 

No parallelism between 
pH and resp freq 

7.00- 7..%; 72 
6.90-7.26' 84 

7.00- 7.3t’j 66 

61- 941 
38-103: 16,0“ 
48- 8t', 

13 R"-17.0" 


A 


7.00-7.42 

84 

66-lOS 




B 

Hiphest frequency does 

6.90-7.46 

92 

6!^107i 


2 

<: 

not agree with the lowest 

7.00-7.27 

90 

77-102 11.6'' 

n.O' 12.2" 


D 

pH. 

7.00-7.60; 88 

65-1161 



E 

7.26-7..% 

78 

67-107 




A 


7.28 

88 

88 




B 

Ditto 

7.0a-7.2t 

79 

68- 90, 11 0“ 

10.6"-Ui.8'' 


C 


7.00-7.40 

63 

60-100| 



A 



6.90-7.32 

77 

60- 94 



4 

B 

Ditto 

7.00-7.1f 

82 

81- 98 

•11 .0” 

10..r-ll 5’ 


C 


6.90-7.20 

78 

66- 96 




A 


7.06 

100 

100 



5 

B 

1 Ditto 

6.70-7.61 

77 

68- 97 

12.0“ 

11.0''-]2.6“ 


C 


6.90-7.42 

76 

48- 91 




A 


6.90-7.27 

91 

64-llli 


(! 

B 

Ditto. 

6.80-7.22 

88 

66-111 

12.5" 

j 12.2" 13.6'“ 


C 


6.70-7.26 

84 

40-103 




A 

Decrease of frequency 

6.80 7.22 

66 

66-1141 


7 

B 

paralleled with lowering 

6.70-7. W 

72 

40- 68i 1.3.0“ 

12.6"-l:!.4" 


C 

pH. 

0.70-7.22 

80 

4&-103 



A 


6.66-7.26 

96 

60-120 



8 

B 

Ditto 

6.70-7.00 

90 

77-100 13.0' 

l2.7"-l;:.rc 


C 


6.68-7.12 

76 

48- 94 



9 

A 

B 

Ditto. 

6.66-7.16 

6.80-7.20 

87 

83 

83- 94 
76- 90 

12.0" 

1 n.9"-i2.r 


A 


16.90-7.87 

81 

66- 97 



10 

B 

No relation between reap. 

6.86-7.68 

80 

78- 91 

11.6" 

ii.o°-n.6'' 

10 

C 

freq. and pH. 

6.70-7.86 

82 

59-m 


D 

6.88-7.90 

92 

81-lOC 
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As for this relation in the experiment of alkalosis the above data 
have been obtained (Table 16). 

Like acidosis, alkalosis also failed to show any parallelism between 
the frequency and the blood pH. 

(B) Respiratory Frequency of Leuciscus with respect to Acidosis 
and alkalosis. 

A marked distinction of the respiration of Leuctscus from that of 
Cyprinus consists mainly in its higher respiratory frequency. TTte 
mode of the change of frequency, however, also differs greatly in two 
species. 

The relation of respiratory frequency to the change of blood pH 
was observed, as designated in the Table 18. 

As will be seen from the Table 18 the decrease of blood pH in 
Leuciscus never increases the frequency of respiration. In Exp. 1-6 
the frequency increased after from 5 to 60 minutes, though it decreased 
gradually thereafter. In Exp. 7-9 the respiratoy frequency decreased 
from beginning to end, suggesting the decrease of frequency with the 
lowering of pH. In Exp. 10 no regular relation was found between 
the fretiuency and the blood pH. 

The increase of frajuency within 1 hour of Exp. 1--6 may be due 
to the Oj decrease of water. The deerease of frequency after that 
in the same experiments, and in Exp 7-8, may be attributed to the 
weakness of the fishes due to the O* deficiency. The reason why the 
frequency decreased but very slightly in Exp. 9 may be considered 
as being due to the slow decrease of O, in this experiment. In 
summarizing the above description we can infer that the main cause 
which increases the respiratory frequency of Leuciscus is ascribable 
to the Oj deficiency in breathing water. 

Finally,, in Exp. 10, the blood pH was highly raised after being 
extremely lowered in the beginning, while the Oj did not decrease to 
any appreciable degree. Therefore if the respiratory center responds 
sensitively to the change of blood pH it should .exhibit some mailced 
reaction against such an extent of pH change. But the fishes showed 
no response even to such a remarkable change of blood pH. This 
fact accurately demonstrates the absence of any relation between the 
blood pH and respiratory frequency. 

As regards alkalosis the following data have been secured. 
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Table 18. 


Alkalofis 

Relation between 

Range of the 

Reap freq. 

Water temp. (C°) 

Exp. 

No. 


blood pH and 

change of 





Fiih 

retp freq. 

blood pH 

Mean 

Range 

Mean 

Range 

1 

A 

H 

C 

No relation Ijetween 
reap, freq and pH. 

7.00-7.66 

6.80-7.6.1 

C.86-7.20 

89 

76 

88 

60-116 
46- 96 
Thl-105 

12.0° 

n.9“-12.6“ 


A 


7. 02-7. 86 

78 

41-100 




B 

Ditto 

7.01-7.86 

67 

.17 8.1 

11.7“ 

U.6°-n.7° 


C 


7.06-7. .11 

84 

64-111 




A 


7.06-7.80 

1.11 

56-180 




B 

Ditto 

7.60-8.07 

88 

79-120 

18.4“ 

13.r-13.7“ 


C 

' . 1 

7. .10-8.10 

94 

7,1-11.1 



4 

A 

B 

C 

, Reap. freq. make* no 1 
' rhanKe while blood 

1 pH markedly chan- 
gca 

6.87-7.4.1 
7. 01-7. ,60 
7.00-7.82 

88 

88 

8.1 

82- 91 

1 8.1-120 
i 80-100 j 

13 .1“ 

1 

13.1“-1.1.4° 


A 


7.20-7.80 

81 

7.1-111 1 



r, 

B 

Ditto 

7.20-7.83 

104 

97-113 

1.1.4“ 

i;:.3“-i3.0° 


(' 


7.27-7.00 

84 

87-111 




A 


6.76-7.5.1 

UM) 

! 46-120 



c, 

B 

Ditto. 

6.76-8.16 1 

! 97 

I 76-116 

13.7’ 

13. C" -14.2° 


C 


6.75-7.7.1 1 

1 82 

t 60-111 1 




In the alkalosis of Lmciscus also, the change of blood pH has 
nothing to do with the respiratory frequency. In Exp. 1 and 2 the 
respiratory frequency decreases with time but shows no relation to 
the increase of blood pH. The decrease of frequency in these cases 
may be due to the weakness of the fishes, as neither the Oj nor the 
temperature showed any decxease. In Ejcp. 3 the respiratory fretjuency 
showed no change, probably because of no O* decrease and no weakness 
of the hshes. That the decrease of frequency may largely be due to 
the weakness of fishes, can be verified by comparing the results of 
Exp. 2 and 6, other factors being considered as inert. 


Exp a 

Oj unaltered 

Fith weakened 

Frequency decreased 

Exp. ft 

O, unaltered 

1 Fiah vigourouB 

Freijuency unaltered 


(C) Respiratory Frequency of Cffprintu and Leuciscus. As already 
mentioned the respiratory frequency of fishes varies according to many 
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factors, so that the experimental conditions must be unified if compar- 
able results are hoped for. Though the present observation have been 
made under varying conditions, the results will sufficiently meet the 
purpose of gross comparison As can be s<-en from the table of each 
experiment (Table 21-51) the freiiuency which was listed in the table 
has been observed on Cyprtnu.\ measuring about 30 cm. in length 
and about 500 gms m weight, and /^uciVi/.s measuring about 35 cm 
in length and about 500 gms. in weight. 

1. Cyprinub. Cypnmib showed no thange of respiratory frequency 
with the change of internal conditions, such as blood pH oi ( O, -content, 
and likewise was very little affected by the ihange of txternal condi- 
tions, i. o., O 2 deficiency, pH change, or even by the weakness of the 
fish itself. They showed very sensitive n-sponse only to the change 
of the water temperature. Therefon' the data obtained in the experi- 
ment of acidosis or alkalosis may be regarded as normal if it is assumed 
that all the factors except temtierature have no relation to the respira- 
tor>' frequency. In the experiment on Cyprinv-, the determination of 
respiratory frequency was made as often ns 3()t times in all. The 
results can be tabulated as follows 


Taiu k 


U). 


Water temperature (C’) 


Mean reap freq 
Range of variation 
No of observation 


1* I® A is 1^ ^ i*° ^ ' 

'|4143'45|49;47'6l'4f>;5;!i67'r)8|(i4i64i- 


2S|22|39 

l2'62'8j^l 


|3yy23i39:2yj2ol.12!4K^ 
l4fil68 0 r! 59 Oo‘cO;(iV67i7'oj81 isVicV'” 




^ |ei jiJ jc5 j S 

71!f4ie6{47i-i 82177 


, 49140:57 

. -p-, I , jlo'olg'ojVfi 

c| i>\ .ij .ijlfijl]] 8jtsj44[45jl4'l7!29js2| fii 1 Ifj sj 4 




As can be seen in the above table the observation was made under 
a range varying from 3" to 26°C The respiratory frequency showed 
a considerable range of variation even under the same water tem- 
perature. But the mean frequency showed a paralleled increase with 
the rise of water temperature, even though some slight discrepandes 
were found. If the mean frequency is calculated from the above table 
so as to indicate the frequencies at temperatures of 5°, 10°, 15°, 20° 
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and 25“, the Q,o may be found to range from 1.41 to 1.51. 

2. Leuciscus. Ijmciscus manifests highly different conditions in 
this regard The respiratory frequency of this fish varies not only 
with the water temperature but also changes with the O 2 content of 
the water, and further according to the weakness of the fish. Accor- 
dingly all the observations made under the experimental conditions 
can not he taken as normal values. Therefore m the present case 
only the initial observation in each experiment was taken as normal 
value, because at the start of each experiment the fishes probably 
remained as yet almost unaffected by the experimental conditions. 
Fifty ob.servalions thus made showed the following results. 

Table 20. 


Temix-rature (C') 



10' 

„■ 1 

12’ 

i.r 

Mean no 

; sa 

' Of. 1 

101 

109 

Range of variation 

(S-S7 

, ! 

Sf,-114 

in-i.s6 

No of observations 

i » 

IS 1 

11 1 

12 


As the fishes showed tome excitation when transferred into the 
experimental jar, the above figures may possibly shows a little higher 
value than the natural cases. But the increase of respiratory frequency 
due to the rise of the water temperature is apparent. The respiratory 
frequency of Lettciscus is aliout double that of Cyprinus under the 
same water temperature. This may be considered as being, in the 
main, due to the differences among species. 

IV; CONCLUSIONS, 

1) Cyprinus manifests weakness when the blood pH decreases 
below 7.15, and by further weakness the blood pH decreases 
as low as 6.80. 

2 Cyprinus recovers its vigour from a blood pH 6.80 ; from a 
lower pH, however, it can not recover. The blood pH examined 
immediately after death is determined to be 6.63 or thereabout. 

3) Cyprinus is more resistant to alkalosis than to acidosis, and 
is capable of recovering from as high a blood pH as 8.35. 
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4) In breathing water of high pH Cypnnus better resists the 0* 
deficiency than in acid water. 

5) Ijeudscus is less resistant than Cypnnus to the decrease of 
blood pH, and will be fatally affeqted as the pH reaches 6.86. 

6) The rise of blood pH up to 8.15 has no serious effect on 
Lcudscus. 

7) In .susceptibility to the decrease of COi-<‘ontent also these two 
species show a marked difference. Cyprinus is not fatally 
affected until the COccontent decreases to 22^ of the normal 
value. 

8) So far as the present study is concerned Cypnnus survived 
without injury foi about 7 hours in water of pH 3.70 to 4.00. 

9) Cyprinus also survived without injury about 7 houis in water 
of pH 9.10 to 9.80. 

10) Leuciscus dies within about 2 hours when it n'spires in water 
of pH 3.4 to 3.70. 

11) Leuciscus survives without injury about 2 hours in water of 
pH 9.60 to 9.70, but dies within 1 hour when the pH is 
raised up to pH 11.00 

12) In both Cypnnus and /.eucrsctis the change of blood pH shows 
no analogy with the respiratory frequency. 

13) The respiratory frequency of Cypnnus is controlled mainly by 
the water temperature. The Q,„ of this freiiuency varies from 
1.41 to 1 51 in the range between 3’ and 26°C. 

14) The respiratory frequency of Cypnnus is affected but slightly, 
by the Oj deficiency of water while that of lcudscus is affected 
greatly. 


CHAPTER 4. 

GENERAL PART 4. discussion and summary 

I) DISCUSSION 

According to Y. Henderson (27) the blood alkali of the higher 
animals shows marked accommodation to external condition. For in- 
stance the alkali reserve of human blood changes with acclimatization 
to altitude, and indeed in such a high altitude as 15000 feet the blood 
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alkali becomes only 2/3 of tbe normal content. Such decrease of 
alkali reserve, i.e., NaHCO, tends to change the Mood pH which is 
maintained by the ratio elimination of HjCO» 

due to physiological regulation restores this ratio and establishes a 
new acclimatization, thus keeping the pH relatively constant. The 
decrease of blood alkali in high altitude is a result of a relative 
decrease of the 0| tension of the air. As the decrement of Oj causes 
increased breathing and raises the pH by excessive elimination of 
CO;, the blood alkali naturally decreases in order to recover the normal 
pH. Thus human blood manifests an unique accommodation even by 
a mere change of O; tension. Though the change of this acid base 
balance is occasioned by several other causes the connection of this 
function to the accommodatam is of special interest if this relation is 
considered with regard to the varying species of animals. 

The peculiarities which we associate with the respiration of aquatic 
animals are ; firstly their adaptation for the low tension of 0| ; s<'Condly, 
as the water and blood differ much in composition there is built up 
a steep gradient of kins and molecules across the membrane. The 
salts, water, gas, and protein in the blood are closely interrelated to 
each other, and the change of one of these factors affects all other 
factors (Van Slyke, 44). Therefore the equilibrium of substance 
between the water and blood may have a close bearing upon the 
physiology of aquatic animals. Powers (38) stated that the ability 
of fishes to extract the O; from water of low pH depends to some 
extent on the pH of water, and the individual difference of 0» ab- 
sorbing ability under low Oj and given pH may be due to the alkali 
reserve of the blood. Pruthi (39), however denied Powers’ conclusion, 
pointing out the error of his method. Though these authors’ method 
were mgenious, they were too simple to solve such a problem and 
seem to leave the question partly unanswered. 

If it is granted that the affinity of the O; for haemoglobin varies 
with the pH (Barcroft, 9) Powers’ conclusion above stated is rather 
probable, because my present investigations shows that the blood pH 
of Lemdaous changes with the pH ,o£ the watw breathed. Consequently 
it follows that the pH of the water changes the affinity of haemo- 
^bin for oxygen. Moreover Powers (37) reported that Rock fish 
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changes the relative alkali reserve (pH) within a comparatively sh(»t 
time, suggesting that this change may be due to the accommodation 
of the fishes to the tension of COj or Oj in the water. This was 
elucidated from my present study, as it has bivn made clear that 
the blood pH of fishes changes with the O, tension in breathing 
water. Zoethout (48) studied the resistance of Paramecium to the 
lack of 0> and found that it might be incri'ased by an addition of a 
very small percentage of alkali. Anoerson (2) reported that the 
exposures of Planarians {Planaria dorotocephala) to the highly alkali- 
fied water ^pH 9.0) not only intensifies the rate of oxygen consumption 
but also inert'ases the susceptibility of this animal to lack of oxygen, 
to toxic chemical solutions, and to ultra violet radiation. Campbell 
(12) also stated that the NaHCO, injected intervcnously increases, 
whereas HCl decreases, the O™ consumption and CO,; production 
throughout the body. These experiments suggest to us the general 
assumption that an increase in the alkalinity of protoplasm favours 
oxidation while a decrease causes it to cease. 1'ackard (36) made 
an experiment on a fish, Fundlus heteroclitis, and found that an injec- 
tion of m/lfi solution of NaHCO, increases the resistance of fishes 
to the lack of 0,, while the injection of acid decreases this resistance. 
This also suggests the above mentioned ndation of protoplasmic alkali- 
nity to oxidation. 

In regard to the self adjustment of fishes to the altered pH of 
water Brown’s (11) work is of interest. He studied whether the fish 
which live in such a high pH as 8.60 (Douglas Lake) can adapt 
themselves to a pH as low as 4.40 (Vincent Lake). His study showed 
that among 4 species which are common to both lakes Esox and 
Ameirus adapted themselves well to ,the change from the acid to the 
alkaline lake, but Amerius alone adapted itself easily to a reciprocal 
transfer. He also showed the adaptability of some fishes to the change 
from common water to this acid lake. I also observed a wide adapt- 
ability of Leuciscus to the pH change Besides theso observations on 
fishes the author (29) also made a study on the Oyster and found 
that the change of the reaction of water or exposure of them to the 
atmospheric air markedly changes the pH and COfContent of their 
blood. 

Let us now turn our attention to the results of the present in- 
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vestigation. Though several subjects of biological significance have 
been treated in the present work, the acid base balance of fish blood 
is the central feature of the problem. In interpreting the aod balance 
of the blood two main theories may be given. The simplest one is 
the acid poisoning theory. According to this theory the acid added 
to the blood is neutralized by the buffer .salts of blood. The CO* 
and neutral salts thus e,volved are .supposed to be excreted from the 
lung and kidney. 

NaHCO, + HCL - NaCL + H.0 + CO, 

^ / ! 

Kidni^ I-ung 

\ 

Na.HPO. MICl.-NaCLt NaHJ'O, 


'I’he above phenomena will really take place in some cases and 
will regulate the acid base balance of the blood. , 

But according to Y. Henderson’s capnial theory (27) the acid 
base balance in the blood is also uniquely regulated by the control 
of respiration. For instance, when the O. pressure increases relatively 
the breathing is depressed, and consequently the lung ventilation 
decreases. Owing to the decreasi* of lung ventilation free CO* accumu- 
lates in the blood, and decreases the ratio of in the following 


equation of L. J. Henderson. Accordingly the blood pH tends to 
fall, and to regulate this fall of pH acid is eliminated from the kidney, 
thus resulting in an increase of blood alkali. 


pH=pKi-l log 


(HjCOv 


Farhaloro (17) stated in his paper that, when rarefied air is 
breathed, the blood alkalinity decreases on account of the excessive 
elimination of free COj, but this is prevented by adding the CO, gas 
to the rarefied air. Lepper and others (31) observed that the blood 
pH rises with forced breathing but it falls rapidly with cessation of 
forced breathing. This change of pH may also be due to the ever- 
poration or accumulation of CO, in the blood as the capnial theory 
explains. 

Turning now to the explanation of my results regarding the acidosis 
of fishes, the first remarkaWe finding is that the O* decrease of water 
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breathed becomes an actual cause of the acidosis of fishes. I associate 
this fact with experiments made on the dog by Haggard an:i Hkn- 
DERSON (23). These authors found that in the dog acidosis Ls caused 
by a mere O 2 deficiency, and explained the lowering of blood alkali 
in this case by the acid poisoining theory at first. But in a later 
publication they replaced the former explanation by the capnial theory, 
and explained the lowering of hlood alkali as follows ; Overbreathing 
blows off an excess of CO. (Acapnia), leaving the CO, ratio, i. e., the 
relation of H 2 CO, to NaHCO,, and therefore presumably the cH in 
the blood, below normal. This alkalosis is then compensated by a 
disappearance of alkali from the blood. Therefore, in this case, over- 
breathing due to O 2 deficiency becomes the sole cause of the acidosis. 

Observing this relation in the acidosis which was induced in fishes 
by Oj deficienc>’, it seems somewhat to vary with the species. In 
Cyprinus the acidosis was caused immediately after the O 2 decreased 
to some extent. The excitement of respiration due to Oj deficiency 
in the water breathed was also observ'ed in this fish (Acidosis Exp 
2, 3, 6. 9), though it was not so markcxl as in the higher animals. 
Therefore the increment of the respiration freciuency due to this ex 
periment must affect the fish, thus resulting in overbreathing. If this 
overbreathing makes the free ('O. eva(K>rate excessively the fishes 
have to cause an alkalosis as in Haggard and Henderson’s observa- 
tion on the dog. On the contraiy, however, there was produced an 
acidosis instead of alkalo.sis. This result is quite opposed to Hender- 
son’s capnial theory. But with regard to the Leuciscus much difference 
has been found in this connection. In this fish the increase of respi- 
ration due to Oj deficiency was more marked than that of the Cyprinus 
(Acidosis Exp. 3, 4, 5, 6). Consequently the change of the blood pH 
also showed a distinct difference, gilding an apparent alkalosis at first 
and then returning into acidosis with the depression of respiration. 
The alkalosis in this case may undoubtedly be caused by the excessive 
elimination of COj, and acidosis may be caused by the disappearance 
of alkali and the accumulation of COg in the blood. T^us the capnial 
theory of HenderSon was fairly applied to the acidosis of Leuciscus. 

As above stated some excitement of respiration was observed at 
the beginning of the acidosis of Cyprinus. If this excitement acts on 
the animal to induce overbreathing, the result causes acidosis in place 
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of alkalosis, and this is contrary to Henderson's capnial theory. But 
it seems that the increase of respiration in this case was not so power- 
ful as to eliminate an excess of CO 2 from the blood. It thus induced 
no alkalosis. 

On the other hand the reduced haemoglobin of the blood is not 
fully oxygenated because of the O* deficiency in the water breathed. 
Therefore the acidity of the oxyhaemoglobin was insufficient to neu- 
tralize the bicarbonate of the blood (Van Slyke, 42). Thus the 
bicarbonate remains in the blood without giving off COj, and hence 
the COs combining power of the blood decreases excessively. Accor- 
dingly the free CO 2 which was washed out from the tissue accumulates 
in the blood in a great amount. The carbonic acid thus evolved 
changes the ratio of . causing the acidosis m question. 

By the above explanation the acidosis in Cyprinus due to Oj 
deficiency is accounted for. But according to this explanation the 
bicarbonate of the blood must remain unchanged, as can be seen 
from Henderson-Hasseloalch’s equation. In fact, however, the CO.- 
content, i.e., the bicarbonate, was found to have been decreased by 
this acidosis. Therefore in admitting the above explanation we must 
assume a disappearance of the bicarbonate from the blood either by 
excretion through the kidney or by reabsorption of it to the tissue. 
But as this bicarbonate reappears with the recovery from acidosis the 
disappearance of bicarbonate may be most probably attributed to the 
reabsorption of alkali to the body tissue. 

Regarding the acidosis which was caused in Leuctscus by 
deficiency a small alkalosis preceded the acidosis as the experiment 
started. This alkalosis in Leuctscus may be attributed to the loss of 
CO* due to overbreathing. In the acidosis which follows this alkalosis, 
the bicarbonate may have disappeared in order to compensate for the 
alkalosis. Owing to the O* deficiency, on the other hand, the CO 2 
carrynig power of the blood may be highly decreased on account of 
the decrease of the acidity of haemoglobin, resulting in the accumula- 
tion of CO*. The CO, thus accumulated in the blood may become 
the direct cause of acidosis, as’ it changes the ratio of - • 

With regard to the acidosis in Leuctscus which was caused by 
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water of low pH, the explanation must be given from the acid 
poisoning theory. In this acidosis the acid which has invaded into the 
blood may have neutialized the blood bicarbonate. The CO.^ evolved 
in this case may be evaporated from gill and the neutral salte and 
water may be excreted from the kidney. The diminution of alkali 
thus produced will cause the acidosis, shifting the rate of 
to the acid side A remarkable feature of (his acidosis consists in its 
great rapidity, this may provably be due to the rapid penetration 
of acid from without into the blood In this ca.se the alkalosis which 
was found in the acidosis due to deficiency was not observed. 
This may also be ascribed to the rapid invasion of acid. Because in 
this case the acid will diminish the bicarbonate before it is made to 
disappear by the alkalosis. Such rapid penetration of acid into the 
blood was also observed in my study in the blood of the Oyster (29). 

The fact that the acidosis is producible in I^uascus and the Oyster 
by acid water, while it is incapable of being induced in Cyprinus by 
the same cause is of peiniliar interest. Such a difference, however, 
may be regarded as depending on the ability to regulate the gill 
membrane which enables the acid to permiale m Leucwcus and the 
Oyster but not in Cypnnus. 

It was observed in the acidosis in Cyjmnus (Exp. 1-4) that the 
blood pH which was lowered by the 0« deficiency of breathing water 
rose again within 24 horn’s, when the fishes were replaced in the 
natural tap water. This rise of blood pH can be explained as follows. 
As the reduced haemoglobin becomi’S oxyhaemoglobin by the Oj in- 
crease of water, the COj is given off fnim bicarbonate by the acidity 
of oxyhaemoglobin and the CO;, carrying power of blood is increased. 
By this recovery of normal condition the alkali which was' once 
reabsorbed to the li.ssue at the early stage of acidosis reappears, and 
increases the blood pH as well as the bicarbonate. 

At any rate it may be empirically inferred that the insufficient 
oxygenation of haemoglobin decreases the CO 3 combining power of 
the blood alkali, and such change induces the reabsorption of alkali 
from body tissue. 

In the acidosis of Leudacus due to Ot deficiency also a rise of 
pH was observed at the later stage (Acidosis Exp. 10). This may 
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be explained as being in part due to a production of bicarbonate 
from tissue, and in part to penetration of the OH ion from breathing 
sea water. 

We may now pass on to the problem of alkalosis The alkalosis 
in this experiment was caused by NaOH in the water breathed. If, 
therefore, the molecule of NaOH penetrates from without into the 
blood, it will combine with the carbonic acid as the following equations 
show. 

H,CO, ^ NaCH ^-NaHCO, + H.,0 
HsCO, + 2NaOH -Na,rO, + 2H,0 

Therefore the blood pH must be increased both by the neutral i- 
ration of H 3 CO, and the increase of alkali nserve in the blood. 
Indeed, in the alkalosis of Cyjninus, the pH increased at a greate 
rate, but as to the alkali reserve a remarkable decrease was observed 
in place of an increase Accordingly wc an; tempted to belive that 
only the OH ion may penetrate into the blood, and that the disturb- 
ance of electrostatics caused by the migration of the OH ion might 
be equilibrated by some appropriate process. With regard to Jmuciscus 
the rise of the pH was also very marked, but the change of the CO^- 
content did not show any regular relation in its parallelism to the 
pH change. Therefore whether the NaOH penetrated into the blood 
or not could not decided in this case. However the OH ion might 
undoubtedly have invaded the blood, for the blood pll would not 
make such a rise if the OH ion had not invaded from without. This 
is demonstrated by the experiments in which the blood pH rose without 
increasing the bicarbonate or decreasing the carbonic acid (Exp. I 
and 5). 

Concerning the permeability of the vital membrane I may quote 
my studies which were made on the Oyster (29). In this animal the 
OH of water rapidly penetrates into the blood in some cases, and 
decreases the blood alkali, while m some other cases OH never 
penetrates into the blood. But at any rate it was clear that the 
NaOH of water dose not invade into the blood, as any increase of 
blood alkali was not observed. Comparing these results with those 
of the fish we will be aware pf a considerable resemWance in the 
behaviour of the gill membrane. And thus I am tempted to conclude 
that the OH ion penetrates the gill membrane of these animals, while 
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the Na ion dose not penetrate. Though in this rase an opposing 
electrostatical potential may be built up across the membrane, it may 
probably be compensated for by the migration of some ankm, say 
HCO,, from within. 

The acidosis which was observed within the first five hours of the 
experiment on the alkalosis in Cyprinus may be considered as being 
due to the Oj decrease of breathing water. The OH ion of water 
may, of course, have penetrated before this acidosis ceased but it was 
slow at first and it seems to have been unable to raise the pH until 
the OH ion overcame the acidosis. 

The blood pH which was raised by the alLilosis continued its high 
value until 24 or more hours later This may of course have been 
partly due to the long stay of the OH ion coming in from water. 
But it mav have been partly due to the increase of bicarbonate, since 
it was found actually increased by that time. 

As for the alkalosis of Lcuciscus the lilood pH immediately began 
to rise after the fish was placed in the alkali water, showing a keen 
distinction in contrast to Cypnnus in which a temporary acidosis 
preceded the alkalosis. This may be due to the reason that the 
invasion of the OH ion into the blood of lcuciscus was so rapid that 
the blood was incapable of lowering its pH The pH thus raised 
continued for a long time even after the fish was removed to the tap 
water. This persistency of pH highly resembles that of the high pH 
which was observed in the alkalosis of Cyprinm. The reason for this 
may be same as that of Cypnnus. 

As already stated the blood pH which was depressed by the 
acidosis rose rapidly after the fish was placed in the tap water 
(Leucisctia, Exp. 10). Comparing this with the persistent high pH 
produced by alkalosis it can be said- that there is a marked difference 
between acidosis and alkalosis with regard to the speed of recovery 
of ncH-mal pH. 

In short the permeability of the gill membrane varies with the 
kind of ion and with the species of fish. This can be induced from 
the following facts; (1) Cypnnus does not lower its blood pH in 
acid water but rises the blood pH in alkali water. (2) Leadseus 
lowers the blood pH in acid water, and rises it in alkaline water. In 
Leudscus the lowering of blood pH is instantaneous but the rise is 
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somewhat slow. 

The foregoing observations were chiefly concerned with the change 
of the pH. In what follows I will give some brief comments in regard 
to the change of the COa-content. A remaricable feature r^arding 
this is that the change of the CO. content is more or less irregular 
contrasted with the regular change of the pH. In consequence, the 
relation of pH to COa-content becomes somewhat intricate. Such 
irregularity and intricacy may chiefly result from the complex function 
of the regulation of respiration. And it seems to be unable to give 
suitable interpretation unless further detailed study were made. The 
decrease of COa-content of fish blood due to the O* decrease of 
breathing water has been more than once mentioned in the preceding 
pages. In higher animals alkali decrease due to Ot, deficiency was first 
ascribed by Haggard and Henderson (23) to the production of acid, 
after that, however, this explanation was replaced with the capnial 
theory by same authors, suggesting that the Oj deficiency eliminates 
the blood alkali (23). Either of these theories seems to serve in 
explanating the alkali disappearance in my case. But these two 
theories likewise assume the elimination of alkali from the body, while 
in the present case the alkali reappears very rapidly and noticeably, 
so that it was considered not to be appropriate to assume the excretion 
of alkali from the body. Therefore I assumed the alkali to be re- 
absorbed to the body tissue, thu.s admitting of its return whenever 
required. 

But, as regards the acidosis of Leudscus which was caused by acid 
water (EIxp. 7, 8, 9), the explanation must be altered. In this acidosis 
the COfContrat incxeased in contradiction to the case above mentioned. 
The increase of COj-ccmtent due to acidosis is seemingly unreasonable. 
But as stated in my study of oyster blood (29) tbe soluble carbonate 
of the body such as CaCOi may be washed out, and may produce 
bicarbonate. This was very accurately observed in the acidosis of the 
Oyster, and hence it may not be unreasonable to apply the same 
explanation for Lmdscm, Thus I am tempted to presume that the 
readily soluble calcium carbonate which was deposited in the cartilage 
or bone may serve as the alkali reserve of the body. 

In regard to the change of <!X>^'oirtent in the alkalosis of Cyprinus 
it was notable that the COc-content decreases 7 hours later despite 
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the pH increases. In this case the relation which exists between 
these two factors appears to be quite contradictory to the general law 
of acid base balance. But it may be explained as follows : the blood 
pH incre,ases by slight invasion of the OH ion from the water brea- 
thed, while the COa-content decreases by a reabsorption of it to the 
body tissue because of the O 2 deficiency of the water breathed. The 
increase of COo-content which was observed from 7 hours later on was 
regarded as being due to the reappearance of alkali from the body 
tissue. Thus the disappearance and reappearance of alkali was con- 
sidered as according to the same mechanism as that of acidosis. 
Finally, as for the change of the COvcontent in the alkalosis of 
Leticiscus it seems to deserve no comment on account of the ii re- 
gularity of the results, so no special mention is made. 

II) GENERAI. SUMMARY 

a) Acidosis and alkalosis in fishes, which wi'ie pioduced under e.\- 
pcrimcntal conditions, have been studied. The outstanding findings 
of the present work can be designated as follows . 

1) It has been determined whether or not the blood pH can be 
altered in mvo experimentally, and to what extent it varies if 
it changes at all. The result showed that the blood pH of 
fishes changes in vivo, ranging from pH (i.RO to 8.35 in Cypri- 
nus and from pH 6.70 to 8.15 in Lcuascus 

2) It has also been determined whether or not the COj-content 
of fish blood can be altered in vivo experimwitally, and to 
what extent it varies if it changes at all. The results showed 
that the COj-conterft of fish blood changes m vivo, varying 
from 5.7 yolYo to 68.4 voH-^ in Cyprinus, and from 8.0 to 
32.4 vol?^ in Ijmctscus. 

3) The difference between the above mentioned relations according 
to species cart be comprehended from the above statements. 

4) The relation which exists between the blood pll and the CO 2 - 
content in respect to both species can be expressed by the 
following equations. 

CO 2 vol'?^=34.0 pH — 200.... Cyprinus 
COj vol9^=7.69 pH—38.42 . Ijmciscua 
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5) The susceptibility and the behaviour of the fishes in regard to 
chai]iges of internal medium (blood) as well as external mi'dium 
(breathing water) have been determined. According to the 
present results, Cyprinus and Leuciscus are capable of surviving 
in the range of blood pH above mentioned. Resistance to the 
change of internal and external medium is stronger in Cyprinus 
than in Leuciscus. With regard to the behaviour of fishes 
readers are referred to the conclusions of Chapter V. 

6) A general doctrine that the H ion concentration of the blood 
uniquely excites the respiratory center of the animal was put 
to the test, making use of fishes as material, and data denying 
this doctrine has been obtained. 

7) My present and previous investigations have been summarized, 
comparing the pH and the alkali reserve of various marine 
forms, and an evolutional consideration has been given from a 
view point of comparative physiology. From the idea thus 
derived we can conclude that the difference in the alkali reserve 
of the blood of aquatic animals due to species may be regarded 
as a result of the adaptation of animals to environmental con- 
ditions, especially to the quantity of Oj in water. 

b) Detailed conclusions concerning the above enumerated items have 
been stated at the end of each chapter. 

c) The trends shown by the present investigation suggest to us that 
the pH and the CO»-content will give us many significant depar- 
tures when the questions are extended to the problem of applied 
biology. This statement is based on the fact that various material 
questions which are familiar to many aquarists may be solved by 
the knowledge of the acid base balance of the blood of aquatic 
animals. 
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CHAPTER 5. PHOTOCOLS 
Part 1, EXPERIMENT ON CYPHINirS 
A) ACIDOSIS. 

Cypnnits, Acidosis Expferiment 1. 

(Oct ^3^d-25th, 1927) 

In the present experiment the breathing water was not renewed 
until 7 hours afterwards, but after determining the decrease of pH 
and COj-content at the 7th hour, running water was supplied to 
observe the recovery of the blood pH and COj content. 

The fish used was four years old, measuring 2K cm in body length, 
9 cm in body height, and 470 gms in Iwdv weight, and was kept in 
tap water for 10 days previous to the experiment 
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pH 
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pH 
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4 
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17.0 
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52 

Floated on the surface 
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2 
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7 

3 
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62 

A little weakened. 
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4 
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61 
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» 

6 
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fi 
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14.8 

4.16 




66 
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11 

7 
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3.402 
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61 

] Highly weakened 

12 

24 

12.5 

12.8 

7.20 
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7.95 

49.6 

61 

j Recovered. 

13 

48 

12.0 

11.8 

7.20 

6..347 

7.90 

- 

48 

1 Active. 


Cyprinus, Acidosis Experiment 2. 

I (Oct. 25-£7th, 1927). 

Exp. 1 suggests that the fish which respired over 7 hours in the 
acidified water (pH 3.90) markedly decreases its blood pH as well as 
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its COj-content, though it turned out erroneous later. A further ex- 
periment was tried to observe the rate of this decrease until 7 hours 
later. The determination of the pH and the COj-content was made 
6 times in all, i. e., before the outset of the experiment, 1, 3, 7, 24, 
and 48 hours after the start of the experiment. Duration of the 
experiment, 48 hours. 

The fish employed was 4 years in age, measuring 28,6 cm. in body 
length, 8,2 cm. in body height, and 46*4 gms. in body weight. 

Table 22. 
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„ 

12 

24 

11.0 
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61 

Quiet. 

l.T 

!L 

10.0 

10.0 { 
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46 

-• 


Cyprinus, Acidosis Experiment 3. 

(Oct. 27th-29th, 1927). 

This experiment was intended in part with the object of determin- 
ing the change <tf the blood pH which occured within 7 hours, and 
in part to verify the increase of pH which was observed at 23 hours 
or more later in the Exp. I and 11. The fish used was 4 years in 
age, measuring 32.0 cm in body .length, 8.0 cm in body height, and 
470 gms in body weight. 

The results observed are given in the following table. 
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Table 23. 




Air 

Breathing water 1 


Time 

Icf 

^(C)’ 



! & 

1 

Om 

12 0“ 

11.4’ 

7. .30 I 0.634 

2 

10 

12.0^ 

11.4“ 

.3.70 j 6.098 

3 

20 

12.0" 

11.4“ 

3.70 1 6.704 

4 

80 

12.6“ 

11.4“ 

.3.70 j 

6 

Ih 

13.6“ 

11.6“ 

3.70 1 4.843 

fi 

2 

16 0“ 

11.6“ 

3,80 ' 

7 

■’ i 

Ifl.O" 

11.6’ 

4.00 3.790 

8 

4 { 

17.0“ 

11.7’ 

4.00 j ' 

9 

6 

18 0“ 

12.0’ 

4.00 

10 

6 

17.0’ 

12.3" 

4 10 ' ! 

11 

7 

14.6’ 1 

12.. T 

4.12 2.448 i 

12 

24 

10.0’ 1 

10.0’ 

7.16 6.4.38 , 

18 

48 

10.0’ 

10.0° 

0.80 ' 


”” * S' g" Behaviour of 

y CO, fishes 

7.75 I 45.7 i "4 A little excited. 

! 41 Normal, still 

' j 50 ' Normal, swimming. 

I 20 

' 5.". Breath regulai. 

: , 

7.18 [ 25 0 I 60 , 

1 62 ' 

; 1 62 

: i >^2 I 

7.16 j 24 7 I 61 Somewhat weakened. 

7.00 , 64,6 j 34 Recovered, active 
7.86 : 63 1 32 | 


Cypnnvs, Acidosis Experiment 1 
(Oct 20th. 030 am. 1027) 

The aforementioned 3 experiments .show us that the blood pH and 
the COj-content of Cyprinus decreases when the animal is forced to 
respire for several hours in the experimental condition. Therefore I 
tried a further experiment to find whether such decrease can be 
induced more rapidly by raising the temperature of the breathing 
water. 

Though the procedure of experiment was almost similar to that 
of the former experiments, the container used in this experiment was 
a square glas jar measuring 40 cm in length, 29 cm in breadth and 
27 cm in depth. The fish employed was four years in age measuring 
30.0 cm in body length, 79 cm in body height and 3H0 gms in body 
weight. The data obtained are given in Table 24. 

Though the fish appeared normal at first its body colour became 
whitish after 10 minutes and excreted a large amount of mucus in 
the water. Thereafter the fi.sh tended to float on the water surface 
showing a little weakness, and body colour became markedly white. 
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Table 24. 


u* 

Time 

Air 

‘(cr 

Breathing water I 

Blood 1 

|I 

Behaviour of 


pH 

O, 

fee) 

pH 

CO, 

vo]% 

fishe. 

1 

Om 

10.0 

25.0 

i 7.40 

6. .367 

7.76 

42.6 

60 

Active. 

2 

10 

11.3 

2C.3 

3.90 

6.889 



73 

Excreted mucus 

3 

20 

It..", 

20.2 

3.90 

6.682 



80 

A little weakened 

4 

30 

11.4 

26.6 

3.96 

6.206 



97 


5 

Ih 

12.0 

26.2 

4.10 

4.024 ' 

7.15 

26.0 

67 

Floated, gasp. 

« 

2 

12.5 

1 25.3 

4.20 




76 


7 

.n 

13.2 

26.4 

4.36 

2.209 

7.06 

26.0 

83 

Highly gasping 

8 

4 

12.3 

26.0 

4.60 




81 


9 

6 

11 3 

26,0 

4.60 

1.711 

7.00 

22.8 

86 


10 

24 

10.0 

10.6 

6.80 

6.4.38 

7..30 

37.0 

.36 

1 Recovered, vigorous. 


After 1 hour the fish was much weakened and began to gasp under 
the water surface. 3 hours later the gasp became more severe making 
deep breathing and increasing the frequency of the reflex gill move- 
ment. But after returning to the fresh tap water it largely recoverd 
the ill effects mentioned above. 


Cyprinus, Acidosis Experiment 5. 

(Ort. 28th, 12.00 n., 1927). 

The present experiment has been intended with the object of 
determining the special change of blood pH and CO*-content due to 
the rise of the temperature of breathing water. 

The fish employed was four years in age and measured 31.0 cm 
in body length, 7.9 cm in body height, and 41.5gms in body weight. 
The data obtained were as the Table 25. 

Cyprinus, Acidosis Experiment 6. 

(Dec. 18th, 10,00 am., 1927) 

In the experiments hitherto conducted the pH and COj-content 
were determined several times on' the blood which was bled from one 
indmdpal at intervals. While in the present experiment the deter 
minations were made on 6 different individuals. Among these fishes 
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Table 25. 


7” 

0. 

Air 

Breathing water 



P 

Tr 

'‘'fcT' pH 

Os 

(cc) 

, r'n S Behaviour of fishes 

i Si 

1 

Om 

12.2 

10 n j «.80 

fi.M? 

7 80 ' 48.2 ' .*10, Quiet, breath regular 

2 

10 

i.n.o 

ay. 2 .n.so 

0.098 

, 70' A little weakened 

r. 

20 

in 0 

26. 0 ! n.80 


90' Body hetame opaque 

4 

no 

in 0 ' 

26.0 1 .•? 90 


j * 10.*:] Breath regular. 

6 

ih 

IS. 2 

26.0 i .*5.90 j 

4.006 i 

0 90 j 16.9 ICO' 

ft 

2 

in.J 

26.0 ! .*1.96 

1 

.*5.017 ' 

' Weakened, sometimes 

i ' lav down 

7 

,1 

I.S 0 

26.2 j 4.20 

2..S21 1 

(i.OO j 6.7 NO, Nearly died 

K 

n.6 

12.2 j 

25.2 I 4.20 

2.8C0 1 

6.80 ; n.7 — Died. 


5 were subjected to eespire in the breathing water which showed the 
pH 3.9 to 4.50 and temperature 20T The remaining one fish was 
kept in another jar supplied with tap water. 

The manner of the experiment was nearly equal to those of the 
former experiments. Five fishes were placed in a jar containing 20 
litre of bereathing water, and bleeding were made after 30 minutes, 
1 hour, 2 hours, 3 hours, and 5 hours, on each fish. The fishes, once 
bled, excluded from the experimental jar one by one. 

The fishes employed gave the following measurements. 


Fish Body lenglh (cm) 

A 30.0 

B 30.0 

C 32.5 

D 32.0 

E 29 0 

F :io.5 


Body height (cm) 
8.0 
8.4 
.8.9 
8.8 
8.1 
7.8 


Body weight (gms) 

392 

474 

490 

395 

321 

3-lfi 


The results of the experiment were as follows. 
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Table 26. 





Breathing water 

Blood 





Time 


pH 

0, 

(cc) 

pH 

CO, 

II 

Behaviour of Gshcfi 

Fish 

1 

Cm 

10. .3 

C.3 i 7.60 

6.902 

7.60 

46.0 

30 

Breathed indistinctly. 

A 

2 

10 

10.6 

20.2 3.90 

4.186 

- 

— 

76 

Breathed distinctly. 


.1 

20 

11.0 

20.6 i 3.90 



— 

lO.*) 

Still 

_ 

4 

30 

11.0 

20.0 i 4.C0 

1.682 

7.60 

36.0 

97 

Still, excreted mucus 

B 

5 

1h 

12.2 

20.6 : 4.10 

1.264 

7.26 

83.0 

87 

2 fishes afloat. 

C 

G 

2 

12.2 

20.5 4.20 

1.021 

6.90 

18.0 

77 

Fish A lay afloat 

D 

7 

.1 

12.0 

20.3 ; 4.30 

0.978 

7.00 

' 22.0 

8C 

Still, mucus increase 

E 

8 

4 

11.0 

20.0 4.40 

0.978 

— 


- 


- 

9 

<> 

11.0 

20,1 ’ 4.60 

0.767 

7.00 

j 10.0 

81 


F 


Cyprinus, Acidosis Experiment 7. 
(Dec 20th. 937 am, 1927) 


In the present experiment 6 individuals were employed and the 
treatments were made in a similar manner as the prt'ceding experi- 
ment (Exp. 6). The temp, of breathing water was ^gradually raised, 
after placing the fishes in the jar, to 2()‘’C after 1 hour. Thereafter 
the temperature was further raised from 20.0° to 23.1“ in 5 hours. 
The pH of breathing water was kept 3.90 to 5.40 during the experi- 
ment. Determination of the pH and COj-content was made 3 and 6 
times respectively on one fish, and thus altogether 24 determinations 
were made on 6 fishes. 

The fishes employed measured the following dimensions. 


Fish 

A 

B 

C 

D 

E 

F 


Body length (cm) Body height (cm) Body weight (gms) 


31.1 9.1 522 

31.0 8.8 515 

30.0 9.2 529 

29.0 8.0 455 

30.0 8.0 521 

31.5 • 9.0 540 
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Table 27. 


Si o 

Time 

Air 

Breathing water 

Blood 

do. 

Jl 

Behaviour of fishes 

Fish 

Jz 

^(c'r 

fcr 

pH 

o, 

frc) 

pH 

CO* 

vol?; 

1 

Om 

8.3* 

4.6° 

3.90 

8.669 

7.87 

48.0 

34 

Quiet, breath irregrular. 

F 

2 

6 

8.5" 

7.0° 

3.90 

7.691 

7.79 

46.7 

29 

A little active. 

A 

3 

10 

9.2" 

10.0° 

3.06 

6.660 

7.70 

41.1 

49 

Quiet. 

B 

4 

20 

10.0° 

12.0' 

4.00 

6.693 

7.86 

47.4 

60 

Breath regular. 

C 

fi 

30 

10.6" 

16.1° 

4.00 

4.311 

7.86 

47.4 

49 

Normal, lively. 

C 

6 

l.h 

11.0° 

20.0° 

4.20 

1..814 

7.76 

36.6 

61 

Tended to float. 

A 

7 

h ra 
l.SO 

12 2° 

20.6° 

4.30 

0.678 

7. .36 

.‘’2 2 

80 

All fishes afloat 

E 

8 

l.-IS 

12.6" 

21.0° 

4 36 

0.478 

7.20 

28.3 

46 

A little weakened 

I) 

9 

1 45 

12.8" 

21.6° 

4.42 

0,421 

7.12 

21.0 

80 

Afloat and gasping. 

B 

10 

2.00 

12.3° 

21.6° 

4.50 

0.368 

6.95 

22.9 

66 

I'ish E laid afloat. 

E 

11 

2.10 

12 0° 

21.6° 

4.60 

0.616 

6.96 

22.0 

66 

All fishes weakened. 

A 

12 

2.20 

12. .3" 

21.5° 

4.80 

0.616 

7.00 

27.0 

80 

Fish C active, A much 
weakened 

C 

13 

2.80 

12.3° 

21.0° 

6.00 

0.421 

6.80 

11.9 

60 

Fi.sh A nearly died, 
E much weakened. 

A 

14 

2.60 

12.4° 

21.0° 

6.20 

0..368 

6.76 

11.9 

64 

Fish D laid afloat, E 
nearly died. 

E 

15 

3.00 

12,6" 

20.0" 

6.30 

0.421 

6.80 

9.8 

66 

B and D lay afloat 

B 

16 

3.15 

13.0" 

20.0° 

5,30 

0.462 

6.90 

21.1 

76 1 

Fish B weakened. 

C 

17 

3.20 

18.0° 

20.0° 

6.30 

0.626 

6 80 

16.8 

47 

B behaved furiously. 

D 

18 

3.80 

13.0° 

23.1° 

6.83 

0.473 

6.86 

16.8 

67 

H nearly died, D laid 
afloat 

C 

19 

3.40 

13.2° 

22.8° 

6.36 

0.789 

6.80 

7.8 

68 

B died, C lay down. 

B 

20 

4.00 

13.2° 

22.6° 

6.40 

0.736 

6.80 

11.9 

66 

C much weakened. 

D 

21 

4.10 

14.0° 

22.3° 

6.40 

0.789 

6.70 

12.9 

78 

C died, D lay afloat. 

C 

22 

4.30 

14.2° 

21.7° 

6.40 

0.790 

6.76 

9.8 

76 


D 

23 

4.40 

14.0° 

22.. r 

6.40 

0.894 

6.76' 

9.8 

64 


D 

24 

6.00 

14.0° 

21.4° 

6.40 

0.946 

6.76 

9.8 

69 

Fish D nearly died. 

D 


The following figures will serve to show the* relatipn between the 
change of experimental conditions and that of the fish blood. 

The fishes used in the present experiment showed very regular 
change in their COj-content of the blood as will be seen from Fig. 23. 
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From Fig. 24 which shows the pH-CO. vol"/o relation to be a 
straight line, we notice that the blood of fishes directly changes its 
COj'Content in assfjciation with the change of pH. Therefore the 
acidosis in fishes is socalled uncompensated acidosis contrasted with 
the compensated acidosis which always occurs initially in all cases of 
acidosis in higher ani- 
mals. 

Most of the fishes in 
the present experiment 
behaved normally till 1 
hour later. But some 
fish showed a tendency 
to float on the water 
surface, and showed a 
little weakness. 

After 1 hour and 3 
(juarters fish E and 
after 2 and half hours 
fish A lay afloat and 
came to a dying condi- 
tion. After that all 
other fishes were equally 
weakened except fish C 
which maintained nor- 
mal vigour for another 
hours. 3 hours later 
fish A died and fishes 
B, D, and E lay afloat. 
3 and a half hours later 
fish B appeared in a dying condition and fish C showed marked 
debility for the first time. 

After 4 hours all fishes died except C and -D, thojigh the former 
fish C, died after 5 hours. Fish D, which remained in fatal codition 
to the last, also died after a short while. 

As listed in the table, the O* content of breathing water showed 
the initial value to be 8.6 cc per litre. 30 minutes later it became 
about 50?^ of the initial content and further decreased down ’to 15. 96 



Fig 24 Relation of blood pH to the COj- 
content of blood fCypnnus, Acidosis Exp 7) 
Ordinate — COj vol?i Abscissa — pH 
Circles denote the number, of observations 
repeated 

Slanting line shons the pH-COj volTi relation 
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of the initial content 1 hour later. 

After 1 and a half hours it became 6.5 and at last it reached 
0.37 cc, i. e., 4.3 9^ of the initial quantity giving the minimum quantity. 
P'rom two hours onwards till 3 and a half hours later an etjuilibrium 
was built up between the oxygen quantities which are consumed by* 
fishes and the quantities which dissolved from atmospheric air. And 
hence there was no change in oxygen quantity. But after that the 
oxygen which diffused from air appeared to exceed the quantity con- 
sumed by fish as 4 dead fishes remained in the jar. Accordingly 
there was found an increasing tendency, amounting to 0.95 cc per 
litre at the end of the experiment. 

Cyprtnus, Acidosis Experiment 8. 

(Dec 29lh, 10.30 am . 1927) 

The decrease of CO.-content found in the preceding experiments 
may be associated with the diminution of oxygen tension in breathing 
water. And hence I made here an experiment in which the 0,!-content 
of breathing water was allowed to decrease by the lospiration of 
fisches, and therefore no acid was added to the breathing water. 

6 fi.shes employed were all 5 years in age, measuring 2.985 gms 
in total weight. One of them was left in tap water for the purpose 
of control. The dimensions of each fish were as follows. 

Fish Body lenxth ''em) Body hciKht (cm) Body weiclit (nms) 

A 30.0 8.2 480 

B 31.5 8.1 508 

C 29.0 8.5 470 

D 31.0 9.0 510 

E 30.0 8.3 541 

F 29.5 8.1 476 

Summarizing the following results we might say, in short, that the 
blood pH responds veiy sensitively to the change of oxygen tension, 
diminishing or recovering its value according to the lowering or rising 
of the oxygen tension. The COfContent also responds to the oxygen 
change in concert with the f^>but its sensitivity is not so sharp as 
the blood pH. 

As regards the condition of fishes during the experiment no change 
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Table 28. 


% 6 



Breathing 

water 


Item 




Fish 




1 


Temp 

fC) 

pH 

Os 

(ce) 

of fiahes 

A 

B 

C 

D 

E 


F 


Om 

8» 

10.0° 

0.6 

8.101 


pH 

7.6.3 

7.87 

7.70 

7.86 

7.70 

7.74 

7.83 

1 

30 

1 

16.0° 

6.1 

- 

Quiet 

CO* 

40.7 

68.4 

32.4 

39.7 

40.7 

42.4 

42.7 


46 

10° 

10.0° 

6.0 

2.746 

Tended to 


70 

61 

76 

68 

80 

71 

26 

1' 

Ih 

10° 

10.0° 

6.0 

1.460 

Floated 

of 

67 

CR 

80 

66 

76 

66 

38 


2 

10° 

10.0° 

6.6 

0.626 

Fish E lay 


f6 

6.3 

70 

62 

76 

67 

30 

3 

R 

1 

4 

1 10° 

10° 

16.0° 

6.6 

0.626 

0.612 

I Somewhat 

1 weakened 

pH 

Ct), 

vo\% 

7.00 
i|4 7 

j7.60 

:66..3 

6.86 

16.0 

7.00 

27.S 

7.10 

22.0 

7.10 

27.0 

7.86 

41.7 

r 

4..'W) 

10° 

4.1° 

j 6.6 

_ 

! _ 

Freq 
! of 

60 

60 

70 

63 

76 

66 

27 




1 




resp 









6 

10° 

1 




pH 1 

|7.7oj 

7.8.3 

7.63 

'7. 80 

7.60 

7.69 

7.86 

R 

1 


4 1° 

6.6 

7 748 

1 Reiovcred 






... 




6.30 

10° 

1 

! 


! 1 

vol?o 1 

17. 9| 

37.6 

12.7 

23.1 

37.3 

2.3.7 

43.0 



was observed till after 30 minutes. After 45 minutes the fishes 
appeared to feel the lack of oxygen, floating up to the water sur- 
face. 2 hours afterwards fish E became weakened and lay afloat on 
the surface. Other fishes also showed marked weakness after 3 hours 
but they not only recovered the activity as soon as the fresh tap 
water was supplied but also survived longer. 
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Cyprinus, Acidosis Experiment 9. 
aw 3l8t, 940 am., 1927) 

Since it was found from the preceding experiment, (Exp 8) that 
the decrease of Og tension in the breathing water induces the fall 
of the pH and COg-content of fish blood a further experiment was 
undertaken with a view to make clearer the aforementioned relation 
quantitatively. Although the determinations were made on 1 fish, 5 
other fishes (which measured 29.0-31.0 cm in body length, 2.785 gms 
in total weight) were empolyed in order to decrea.se the Oj tension 
of breathing water, and one other fish was used for the purpose of 
control. Prior to the experiment all fishes were kept in the tap water 
at 4°C then were transferred to the breathing water at 15.“5C, but 
the control fish was kept in the tap w'ater from (he beginning of the 
experiment. 

The dimensions of the fishes were as follows. 

Body length (im) Body height ('em) Body weight (gmi) 

Experimental fish 36.0 9.6 780 

Control fish 32.0 8.5 600 


Table 29. 
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Cyprinus, Acidosis Experiment 10. 

(Jan 12th, 1000 Bin., 1928) 

The preceding two experiments (Exp. 8 and 9) demonstrated that 
the deficiency of Oj in the breathing water made the blood pH and 
COj-content decrease. 

Therefore I now realized that the change of the pH and COj- 
content observed in the first 8 experiments (Exp. No. 1-8) may or 
may not be due to the high acidity of water. Because in these 
experiments also the acidosis may have been due to the O 2 deficiency, 
and not to the effect of acid which was added to the breathing water. 

Therefore I conducted here an experiment in which the pH of 
breathing water was lowered by the addition of acid, keeping the Os 
content high, thus examining the effects of the two causes separately. 
In this experiment pure 0» gas was bubbled through the water with 
the hope of preventing the decrease of oxygen The pH of the water 
was made 3.70 at the start. The temperature of the water was 
8.“7 C at first but it was gradually raised by heating, and made 17."8 
and 20’.0 after 30 minutes and 1 hour respectively. 

The 6 fishes used were .5 years in age measuring 3.421 gms in 
total weight. The dimensions of each fish were as follows. 

Fish Body length (cm) I'ody height (cm) Body weight (gms) 

A 29.0 8.3 4.50 

B 30.0 9.0 533 

C 30..5 8.2 526 

D 31.0 9.0 .590 

E 29.5 7.6 440 

F 34.0 10.7 882 

The bleeding was made 2 times on fish C and 1 time on each of 
the other fishes. (Table 30). 

Cyprinus, Acidosis Experiment 11. 

(Jan 13th, 10.00 am., 19Z8). 

The object of the present experiment consisted in producing the 
acidosis by the low pH of water, elkninating the influence of the Og 
decrease of water, bubbling through the breathing water with the 
mixture of pure O* and air. For this purpose a spiral metal pipe 
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Table 30. 




Air 

Breathing water 

Blood 





Time 

temp. 

(C) 

Temp. 

(C) 

pH 

frr) 

pH 

CO, 

voifi 

II 

Behaviour of fishes 

Fish 


Om 

8.0“ 

8.7“ 

3.70 

7.C54 

7.60 

37.0 

46 

Somewhat excited. 

F 

2 


8.0“ 

0.8“ 

.3.75 

7.S60 




Quiet 


:i 

10 

8.0“ 

11.0“ 

.3.80 

6.142 



60 



4 

20 

8.0“ 

14.0“ 

.3 80 

4.6621 

7.47 

38.0 

60 


B 


.SO 

j 8.0“ 

17. .8“ 

.3.84 

3.696 

7.48 

37.0 

67 

1 fish lay on the bot- 
tom. 

C 

fij 

40 

! .8.0“ 

: 20.6" 

! 4.00 

2.762 

7.S7 

30.0 

63 

, All fishes afloat, a 
little weakened. 

n 

^ i 

1 h 

8.0" 

20.2' 

4.05 

1 1.670 

6.80 

20 0 

60 

2 fishes lay down on 
the bottom 

A 

8 j 

2 

1 8.0“ 

20.2“ 

4..30 

1 

! 1.210 

7.13 

20.0 

68 

.3 fishes lay down on 
the bottom 

C 

9 


8.0“ 

20.2" 

4.40 

1 0.872 

6.00 

18.8 

62 

4 fishes lay down. 

E 


having numerous fine pores on its wall, and measuring 1 m in length 
and 15 mm in diameter was sunk in the water. Connecting one end 
of this tube with the air pump a stream of fine bubbles was constantly 
supplied through the water, thereby supplying the O, and expelling 
COj from the water. 

3 fishes A, B, and C, were used for the first 3 hours. But it 
was found after 3 hours that the pH and COj-content showed no 
change when the O* tension of water was kept high. So that the 
experiment was extended to determine whether the fishes would de- 
crease its pH and COj-content pronouncedly, if the Oj tension of 
breathing water was lowered thereafter. For this purpose three other 
fishes, D, E, and F, were placed into the jar and thereafter the 
aeration was ceased. 

The determination of the pH and COs-content was made 19 times 
on the first three fishes A, B and C. Among these three fishes A was 
most throughly studied, 9 determinations being made vwthin 5 hours. 

The dimensions of the 6 fishes employed for the present experi- 
ment were as follows. 

Fish Body length (cm) Body height (cm) Body weight (gms) 

A 32.3 9.0 560 

B 32.0 9.4 572 
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30.3 

8.1 

430 

34.0 

10.7 

882 

31.0 

8.8 

538 

29.5 

8.2 

450 


Tabi.k 31 



Case 1 
No. 



Breathing water 

Blood 




Time 

‘(cf 

Temp, 

(C) 

pH 

o, 

(cci 

pH 

CO. 

Vo\"i 

a ^ 

Behaviour of fishes 

Fish 

1 

Om 

9.0“ 

6.0“ 

.3.60 

8.192 

7.76 

43.6 

39 

A little excited 

A 

2 

6 

9.0“ 

7.6“ 

3.80 

7.629 



.39 

Active. 


3 

10 

9.0" 

6.0“ 

4.00 

7..361 



Sit 

Normal, vigorous 


4 

16 

9 0" 

9.6° 

4.06 







5 

20 

9.0' 

10.6“ 

4.10 

6.887 



74 

„ 


6 

SO 

10.0“ 

12.9“ 

4.20 

6.6,31 

7.77 

46.6 

60 


A 

7 

40 

10.0“ 

14.0' 

4,40 

6.311 

7.86 

42.4 

66 


B 

8 

60 

10.0' 

16.0' 

4.60 


7.91 

41 4 

55 


C 

9 

1.00 

10.0“ 

16.0' 

4.60 

6.112 

7.82 

40.0 

66 


A 

10 

1.16 

10.0' 

16.0“ 

4.60 

6.112 

7 86 

40.4 



B 

11 

1..30 

10.0' 

16,0' 

4.90 

6.112 



62 



12 

1.40 

11.0' 

16.0' 

6.30 


7.90 

42.3 

65 


C 

1.3 

2.00 

11.0“ 

16.0' 

6.60 

6.048 

7.80 

48.4 

62 


A 

14 

2.16 

11.0' 

16.0° 

6.80 

6.900 






16 

2.30 

11.0' 

16.0“ 

6.10 


7.86 

43.1 

67 


B 

Ifi 

2.46 

11.0“ 

14.9° 

6.16 


7.84 

48.9 



C 

17 

3.00 

11.0“ 

14.8“ 

1 6.16 

6.823 

7.80 

.38.3 

68 


A 

18 

3,06 

11.0" 

14.8“ 

6.16 

6.712 



61 

1 Remained still on the 
bottom 


19 

3.10 

11.0“ 

14.9’ 

6.16 

6.386 

7.49 

.30.1 

61 1 


B 

20 

3.16 

11. O' 

14.9' 

6.00 

6.019 






21 

3.20 

11.0" 

16.0° 

6,00 

4.231 

7.62 

29 1 

67 1 

One aHuat and gasping. 

C 

22 

8.30 

11.0' 

16.0“ 

6.00 

3.400 

7.80 

42.3 

71 

Some fishes shuke Its 
head. 

A 

2.3 

4.00 

11.0" 

18.0° 

6.00 

1.676 

7.66 

86.2 

67 

Afloat, agonized. 

A 

24 

4.20 

11.0" 

16.0° 

6.90 



1 




26 

4.30 

11.0' 

16.0“ 

6.80 

0.914 

7.20 

27.1 

68 

Fish B much weakened. 

A 

26 

4,40 

11.0" 

16.0° 

6.80 


7.26 

27.1 

67! 

Fish C weakened. 

B 

27 

4.60 

11,0' 

16.0° 

5.80 


6.90 

19.9 


All fishes weakened. 

C 

28 

6.00 

11.0' 

16.0° 

6.80 

0.830 

7.00 

23.7 

60 

•• 

A 
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The present experiment showed that the blood pH of fishes does 
not decrease in spite of the low pH of breathing water, provided the 
Oj was fully supplied. But when the O* began to decrease the blood 
pH also immediately showed a decreasing tendency. Therefore it can 
be concluded now that the O* decrease was a sole cause of the change 
of blood pH in this case, and that tfie low pH of the breathing water 
had nothing to do with change of blood pH. 

During aeration the fishes showed no weakness until 3 hours after 
the beginning, and they lived actively without any indication of the 
effect of low pH water. 

But following a marked depressbn of Ot tension which occurred 
towards the end of the 3rd hour, the fishes sensitively reacted to this 
adverse condition. 20 minutes after the aeration was ceased one of 
them floated on the water surface making a gasp. 1 hour afterwards 
all the fishes came to the water surface and breathed the air together 
with water. From 1 and a half hours afterwards all the fishes were 
somewhat weakened. At the end of the experiment fish C lay afloat 
on the surface, but it recovered the activity together with the other 
fishes as soon as fresh tap water was supplied 


Cyprinus, Acidosis Experiment 12 
(Jan. 15th, ».00 am, 1928). 

Since the blood pH of fish can nevei' be lowered by the low pH 
of water as Icmg as the Og is kept in its usual quantity, the duration 
of the preceding experiment may be considered too short (3 hours). 
Therefore the duration was lengthened in the present experiment with 
an intention to verify whether the long exposure of fishes to the high 
acidity alters the blood pH or not. 

The measurements of the fishes were as follows. 

Fwh B6(fy length (cml Body height (cm) Body weight fgms) 

A 31.0 9.0 546 

B 32.0 9.7 612 

As will be seen frMB the following table an appreciable decrease in 
blood pH was found in one hand, but on the other hand a prominent 
decrease of O, in breathing water was observed. Therefore the lower- 
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Table 32. 


Case 

Time 

Air 

Breathing water 

Blood 

Resp. 

Behaviour of 

Fish 

No. 

IcT 

Temp. 

(C) 

pH 

Oj 

(cc) 

pH 

CO. 

vol?rf 

freq. 

Ashes 


4!'3o" 

10.6" 

12.6- 

4.30 

6.690 

7.70 

46.6 

60 

Normal, active 

A 


4.40 

10.6° 

12.6° 

4.30 

- 

7.70 

38.4 

(M) 

.. 

B 


6.00 

ii.y 

16.6° 

4.10 

4.902 

7.68 

39.4 

60 


A 

2 

6.10 

11. s* 

16.6° 

4.10 

- 

7.66 

.36.2 

66 

-• 

B 

.s 

7.00 

11 . .r 

14.2° 

4.20 

4.892 

7.46 

.39.. 3 

48 


A 

7.10 

n.y 

14.2° 

4.20 


7.66 

37.3 

40 


B 


ing of blood pH in this case may probably be due to the Oj decrease 
in breathing water instead of being due to the low pH of breathing 
water. If the low pH of water also decreases the blood pH, a further 
distinct fall of pH had to be detected in these cases. Because the 

Table 33. 
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Oj decre{(se of water in the above case would also have decreased 
the blood pH. Moreover, we can expect from the preceding experi- 
ment that such a decrease in Oj as found here would produce an 
appreciable fall of blood pH. Therefore we may conclude that such 
a degree of low pH of the breathing water used in this experiment 
might not lower the blood pH to any appreciable extent. The Table 
33 shows the change of conditions during the expaiment. 

B) ALKALOSIS. 

Cyprinus, Alkalosis Experiment 1. 

(Jar.. 17lh, 7.00 am., 1927). 

In the present experiment, about 17 cc of n/5 NaOH solution was 
added to 20 litres of tap water which showed the pH 7.30 and the 


Table 34. 
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pH was raised to 9.00. As soon as the fishes were put in the n/5 
NaOH solution was dropped in by an aspirating dropper to keep lije 
pH constantly high. Next, the alkali solution was added so as to 
maintain the pH at 9.00, and about 6 to 20 drops per minute were 
needed for that purpose. 

The water was renewed after the estimation of the 6th hour and 
the alkalinity was regulated to pH 9.0 by adding the aforesaid alkali 
solution. 

As it was necessary to bleed the same fish several times, a some- 
what large individual (length 32 cm, height 1 1 . cm, weight 723 gms) 
was chosen in this experiment. 

The fish material used in the present investigation showed hyper 
activity, and behaved roughly in the experiment tank until one and 
a half hours later. Thereafter they became quiet and breathed nor- 
mally until 3 to 4 hours. Meanwhile it appeared very indolent showing 
little debility after 6 hours. Though they remained very quitely on 
the bottom of the experimental tank until 39 hours later, it could not 
recover the vigour by the renewal of water and died thereafter. 


Cyprinus, Alkalosis Experiment 2. 

(March 17th, 9 00 am., 1927) 

According to the former experiment (Exp. 1) the pH of the blood 
shows slight elevation when the alkalinity of breathing water is kept 
higher than pH 9.00 provided the water temperature is higher than 
10°C. But we observed that the increase of pH is somewhat less 
than we expected, probably because of the decrease of the O, content 
of the water. In addition the COj-content of the blood was also 
markedly decreased fw the same reason. In the present experiment,^ 
however, I tried to prevent the lowering of the pH and CO^-content 
by supfdying oxygen or by renewing the whole breathing water. 

The dimensions of the fishes were as follows. 

Fi»h Body length (cm) Body height (cm) Body weight (gms) 

A 33.0 8.3 557 

B 30.1 8.6 556 
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Table 35. 



Cyprinus, Alkalosis Experiment 3. 

(M«rch 20th, 9J0 am, 1927). 

The preceding two experiments (Exp. 1. 2) showed that the blood 
pH markedly increases after 15 hours, but the increase within several 
hours is very indistinct. In the present experiment, therefore, the 
pH of the breathing water was kept much higher than that of the 
former experiments and it w«^ attempted to raise the blood pH 
distinctly within a few hours. Since the higher water temperature 
and the succeaaive frequent bleeding from an individual quicken the 
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exhaustion of fishes the temperature was held under 12°C and the 
bleeding was done less frequently. 

The fishes employed were four years of ago, having the following 
dimensions. The bleeding was accomplished six times with each fish, 
i. e., at the beginning, after 4 hours, 5 hours, 7 hours, 24 hours, and 
after 72 hours, determining the pH value and the COj-content each 


Fish Body length (cm) Body height (cm) Bixiy weight fgms) 

A 29.5 8.4 457 

B 29.8 9.3 544 


Tablf. 36. 


i 

Time 

Air 

temp. 

Brea 

thing 

..ter 

Blood 

Resp 

Behaviour of 
fishes 

J 


(C) 

Temp. 

(C) 

pH 

O, 

(cc) 

A 



B 

A 

B 

1 

Om 

10.8 

7.6 

9.10 

7.968 

8.00 

8.20 

61.6 

49.2 

48 

39 

Quiet. 

2 

SO 

11.0 

8.3 

9.. 30 






40 

36 


8 

h m 
1.00 

11.0 

9.0 

9.80 






48 

46 

Inrreued reflex 

4 

I.SO 

12,5 

9.6 

9.80 






60 

48 


fi 

2.00 

12.0 

10.3 

9.80 






62 

66 


6 

2.30 

12,6 

10.6 

9.80 






46 

68 


7 

3.00 

12.0 

30.7 

9.80 






60 

60 

Breath regular. 

8 

8.30 

11.6 

11.0 

9.80 






60 

61 


9 

4.00 

11.0 

11.6 

9.80 


8.25 

8.30 

48.4 

36.0 

66 

61 

Tended to float 

10 

4.30 

11.0 

11.6 

9.80 






60 

66 


11 

6.00 

12.0 

11.8 

9.80 


8.30 

8.86 

48.4 

.31 .0 

65 

62 


12 

8.80 

13.0 

12.0 

9.80 






60 

49 

Floated on the 

13 

6.00 

13.0 

12.0 

9.80 






68 

61 


14 

6.80 

12.0 

' 11.8 

9.80 






66 

46 



7.00 

11,2 

10.8 

9.80 

0.938 

8.80 

8.86 

34.8: 

20,4} 

67 

40 

A little weakened. 

16 

24.00 

8.0 

8.6 

6.90 


8.3^ 

8.36 

69.6 

40.6 

— 

— 

Recovered. 

u 

72.00 

9.0 

4.6 

6.70 

7.886 

8.30 

8.20 

68.4 

66.0 

26 

22 

Vigorous. 


Looking through the change of blood pH in both fishes one will 
note two remarkable facts. First, in the present experiment the in- 
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crease of. blood pH was so rapid that such a quick increase was never 
seen in the former case, namdy both fishes showed a distinct increase 
within 4 hours and reached the highest value after 5 hours. This is 
a great difference when compared with the former experiment in which 
15 hours elapsed before a distinct increase was seen. Second, after 
7 hours the blood pH kept a very high value, yet despite the pH of 
breathing water returned to the normal value by this time. This is 
also a remarkable difference from the first experiment of alkalosis, 
and reserved a question for further investigation. 


Cyprinus, Alkalosis Experiment 4. 

(March 22nd. 9.30 am.. 1927). 

By the Alkalosis Experiment 3 we have found that the blood pH 
can be raised within 4 hours by increasing the pH of breathing water 
up to 9.80, and have noticed moreover that the change of the pH 
and CO,-content show a very interesting relation. In the present 
experiment, therefore, a similar method was repeated, to confirm the 
result of the Alkalosis Experiment 3 on the one hand, and to deter- 
mine the maximum pH attainable on the other. The measurements 
of the fishes used were as foIlow.s. 

Fiih Body length fern) Body height (cm) Body weight (gms) 

A 29.3 9.1 510 

B 30.0 8.3 480 




S. ROKUBO 


(Continiied) 


J 

r,™ 

Air 

Breathing water 

B1 

ood 

cor 

Resp. 

Behaviour of 
fishes 

(Q^ 

Temp. 

(C) 

pH 


A 

B 

A 

B 

A 

B 


h m 
1.00 

13.0* 

8.8° 

9.80 

6.042 





43 

48 

Quiet 

6 

i.ao 

12.2° 

9.6° 

9.80 

6.070 





.39 

66 


7 

2.00 

11. r 

10.6° 

9.80 

3.973 





40 

60 


8 

2.30 

12. .r 

10.8° 

9.80 

3.663 





43 

67 


9 

3.00 

12.6° 

11.2° 

9.80 

2.766 

8.26 

7.86 

4.3.2 

.36.2 

48 

69 

A l)ttle excited. 

10 

.3.30 

12 7° 

11. r 

9.80 

2.73." 





68 

66 


11 

4.00 

12.6° 

12.0° 

9.80 

2.278 

8.30 

7.98 

36.6 

36.1 

44 

66 


12 

4.30 

12.6’ 

12.2° 

9.80 

1.962 





46 

60 














Floated on the 

1,3 

6.00 

12.6° 

12.1° 

9.80 

1.627 

8.35 

It. 26 

.32.1j 

.36.2 

40 

4.3 

surface shuke 
their heads con- 









i 




vulsively. 

14 

6.30 

11.6° 

11, 9> 

9.80 

1.49.3 



j 


.33 

36 


16 

6.00 

11.0° 

12.4’ 

9.80 

1.410 





.33 

34 

A little weekend. 

16 

6..30 

10.7° 

12.4° 

9.80 

1..378 





87 

42 


17 

7.00 

11.0” 

12.6” 

6.70 

1..36C 

8.. 3.3 

7.98 

26.1 

6.9 

S.3 

.38 

Quiet. 

18 

24.00 

9.0° 

4.6° 

6.70 

7.060 

8. .30 

8.27 

41.6 

46.9 

24 

22 

Recovered. 

19 

48.00 

9.3° 1 

3.0° 

6.70 

7.624j 

18.26 

8.22 

63.3 

69.1 

26 

26 

Vigorous. 


Cyprinus, Alkalosis Experiment 5. 

(March 23rd, 100 am. 1927) 

As it was demonstrated by the preceding two experiments (Exp. 
3. 4) that the pH of the blood can apparently be raised within 4 
hours when the alkalinity of the water is extraordinarily increased, a 
further experiment was plaimed to determine the mode of the rise of 
blood pH within 4 hours, and moreover to try to raise the blood pH 
as high as possible by this method. 

The dimensions of the fishes used were as follows. 

Fish B«ly length (cm) Body height (cm) Body weight (gma) 

A 30.3 9.4 560 

B 30.5 9.0 492 
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Table 38. 



n. EXPERIMENT ON LEUOSCUS. 

A) ACIDOSIS. 

Leueiscus, Acidosis Experiment 1. 

(May 9th, 9.00 am.. 1927). 

The present experiment was conducted in order determine whether 
Leueitcm bdiaves like Cypnims, producing the acidosis by the decFea.se 
of 0| bensktii m breathmg water. The experimental procedure was 
^ ttiad as that of the experiment on Cyprinm. Three fishes were 
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subjected to respire in 20 litres of sea water in which the O* was 
allowed to decrease by the respiration of fishes. 

The sea water used showed its pH to be 8.15 and the specific 
gravity to be 1.0227 (10.“4). 

The measurements of the fishes used were as follows. 

Fwh Body length (cm) Body height (cm) Body weight (gms) 

A 36.2 7.5 500 

B 33.3 6.9 428 

C 35.4 8.0 528 

Tabije 39. 



In this experiment fishes B and C which had relativdy low initial 
value pH began to diminish below 7.00 as eariy as within 2 hours, 
and died shortly later. While fish A which showed the highest in 
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its initial pH value maintained the normal value as long as 3 hours 
and died after 5 hours when the pH decreased below 7.00- These 
facts seem to suggest that the fishes which have a rich alkali reserve 
are more resistant than those which have but a little alkali reserve. 

Leudacus, Acidosis Experiment 2. 

(May 10th, 9.00 am, 1927). 

The former experiment showed us that Leuciscus also decreases 
its blood pH and COj-content by O, deficiency like Cyprintis. But 
in the former experiment whether such changes occur so rapidly as 
within 1 hour could not determined as the blood test was not made 
within 1 hour. Therefore, in this experiment the changes which occur 
within 1 hour have been determined. 

Each of four fishes which were employed for this experiment was 
bled before being placed into the experimental jar, and thusits normal 
pH and COrcontent were determined. 

The first bleeding was made on fishes A and B 20 minutes after 
placing them in the experimental jar, and on fishes C and D after 
40 minutes. Thereafter the two lots of fishes were bled alternately 
at an interval of 30 minutes. Besides these four fishes another fish 
E was used for the purpose of control, keeping it in running tap 
water. 

The breathing sea water showed its pH and specific gravity to be 
8.16 and 1.0247 (IT) respectively. The renewal of water was not 
made till the eiqperiment was finished. 

The measurements of fishes used were as follows. 

Fish Body length (cm) Body height (cm) Body weight (gms) 

A 36.0 8.0 537 

B 36.0 7.5 472 

C 35.0 7.5 497 

D 3a0 8.7 624 

E 34.5 7.0 470 

From the result of the present experiment I have found a tendency 
which seems to suggest to us Jdiat the magnitude of pH and COj- 
centent have some special bearing upon the life duration as can be 
seen in the Table 41. 
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Table 41. 


FiA 

pH 

1 

8 

Life duration 

D 

7.46 

19.6 

h ra 

2.30 

A 

7.86 

18.6 

1..30 

C 

7.26 

16.7 

1,00 

B 

7.20 1 

13.7 

0.40 


Leucuicus, Acidosis Experiment 3. 

(May 12th, 9.00 am., 1927). 

The present experiment was made with the hope to verify the 
results of the former two experiments (Exp. 1. 2). The method of 
experiment was almost the same as in the former cases. 

Among three fishes employed, fish A wa.s injured as it acted vio- 
lently when blood was collected and died 5 minutes later. Therefore 
subsequent bleeding was made on the two remaining fishes B and C, 
bleeding 9 times in all. The pH of the sea water was 8.20 and the 
specific gravity was 1.0245 (tO"). 

The measurements of the fishes used were as follows. 

Fish Body length (cm) Body height (cm) Body weight (gms) 

A 38.0 8.0 614 

B 41.0 9.5 890 

C 36.5 7.9 520 

Like the preceding experiments it was also found in the present 
case that the individuals which have the highest pH survived longest 
(Table 42). 


Ltudsetts, Acidosis Elxperiment 4. 

(Mgy 15th, 9.30 am., 1927). 

The present experiment was also made with the object of obtaining 
data to verify the restdts of the preceding three experiments (Exp. 
1-3). And hence the method employed was quite the same as in the 
former experiment. 

Three fishes A, B, mid C were employed. The blood collection 
was made 4 times on fishes A and C, and 3 times on fish B. The 




Table 
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temperature of the water was kept a little higher than in the three 
former experiments. The pH of the sea water was 8.18 and the 
specific gravity was 1.0236 (10.”3). 

The measurements of the fishes used were as follows. 

Fish Body length (cm') Body height (cjn) Body weight (gms) 

A 38.5 8.7 613 

B 36.7 7.2 459 

C 37.0 7.3 501 

(Table 43). 

Leuciscus, Acidosis Experiment 5. 

(May 17th. 9.30 am . 1927) 

All experiments hitherto conducted on Ijmciscus were carried out 
by using the sea water for the breathing of fishes. 

But as this fish is anadromous m habit it can live in fresh water 
as well as in sea water. Therefore an experiment was attempted 
using fresh water instead of sea water to find whether any difference 
may be noticed. As the fresh water has low pH and high O* content 
in comparison with the sea water some difference can be anticipated 
with regard to the change of the blood pH and COj-content 

The experiment was carried out in a manner similar to tJie other 
experiments. The pH of the fresh water was 7.50 in natural condition. 
The fishes employed were caught in the open sea and were kept for 
89 hours in fresh water to accustom them to the altered condition. 
One of the fishes was killed accidentally in an occasion of bleeding, 
and hence the determination was made but one time on this fish. But 
as regards the other fishes 6 to 8 determinations were made. 

The measurements of the fishes -were as follows. 

Fish Body length (cm) Body height (cm) Body weight (gms) 

A 34.5 8.0 516 

B 36.0 8.0 493 

C 35.4 7.2 ■ 470 

It is worthy of noting that in fresh water the decrease of O* 
IS slower than in sea water. The Oj content of fresh water never 
decreased below 1.3 cc per litre while in the sea water it always 
decreased below 1.0 cc per litre. Accordingly the activity of fishes 
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is also affected by this difference. In sea water, for instance, the 
fishes began to gasp as early as 10 minutes after the start and mani- 
fested appiu-ent agony after 30 minutes, while in the fresh water they 
showed no debility until 1 hour later. 


Leuciscui,, Acidosis Experiment 6. 
fMav 19th, « to am, 1927). 


A comparison of the previous experiment with the other experi- 
ments seems to suggest that the blood pH and COa-content of Leuciscus 
show no particular difference according whether the fishes were sub- 
mitted to respire in fresh water or in sea water. But as regards 
the other relations such as the rate of the decrease of O* or the 
degree of weakness of the fishes some appreciable distinctions are seen 
to exist. In order to verify these results a further experiment was 
carried out after same manner as that of the former experiment. 

To adapt the fishes to the fresh water they were kept for 44 hours 
in the fresh water. The bleeding was made 6 times on each fish within 
2 and a half hours. 4 fishes were used and one of them D, was left 
in running tap water for the purpose of control. 

The measurements of the fishes used were as follows. 


Fish 

A 

B 

C 

D 


Body length (cm) 

35.1 

33.1 
35.5 

33.2 


Body height (om) 

7.5 

7.1 

7.9 

7.4 


Body weight (gms) 

475 

405 

547 

502 


The change of the pH and COg-content in this experiment showed 
no difference from the other experiments which were conducted employ- 
ing sea water in place of fresh watier. 

As was observed in the former experiments the weakness of fishes 
during the experiment in fresh water appeared undoubtedly slow in 
contrast with that observed in sea water. The fishes showed no change 
in their activity until 40 minutes later and they first manifested some 
debility 1 hour later. 

From the results of the present and the former experiments 1 am 
tended to concluded that Leuciscus shows no particular change in its 
blood pH and CO,-content according as the breathing water is sea 
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water or fresh water. But it was sure, as just mentioned, that the 
faintness of fishes was manifested apparenty later in fresh water than 
in sea water. 


Leuciscus, Acidosis Experiment 7. 

(May 20th, 000 am., 1927) 

Five experiments hitherto conducted have been made with a view 
to determine the effect of O. deficiency upon the blood pH and COj- 
contenL The present experiment was, however, planned with a hope 
of learning whether the low pH of breathing water affects the pH 
and COj-content of the blood. In Cyprinub this relation was already 
studied and it was found that the high acidity of water never changes 
the blood pH or CO/content. Accordingly the aim of the present 
experiment consisted in finding the difference in this relation due to 
the species of fishes. 

In order to suit the above mentioned object, the pH of the brea- 
thing water was made very low by adding an amount of n/10 HCI 
solution. In the case of the experiment on Cyprinus about 80 cc of 
n/10 HCI solution was sufficant to make the pH of 20 litres of fresh 
water 3.90. While in the present experiment in which the sea water 
(pH 8,20) was used about 640 cc of the n/10 HCI was needed for 
the same volume of water to lower its pH to 3.40 Though the 
specific gravity of water indicated 1.0246 (12 ’.7) at first, it decreased 
to 1.0241 (12.7) as the HCI solution was added. 

The bleeding was made at intervals of 30 minutes. The blood 
determination was accomplished 3, 4, and 5 times upon fishes A, B, 
and C respectively. The measurements of the fishes were as follows. 

Fwh Body length ('em) Body height (cm) Body weight (gmg) 

A 34,9 7.5 531 

B 38.4 7.3 549 

C 35.8 7.1 -485 

Comparing the manner of the pH fall in this experiment with 
those of the Exps. 1-6 an apparent distinction can be found. In all 
the experiments hitherto conducted on Leuciscus the blood pH always 
showed a rise within 30 minutes. While in the present experiment, 
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on the contraiy, the blood pH showed a prominent fall by the same 
time. On the other hand the decrease which was hitherto con- 
sidered to be an unique cause of the fall of the blood pH, showed no 
marked difference in its change, from those of the other experiments. 
Therefore it may be right to consider that the pH fall found at the 
30th minute of this experiment was due to the influence of the low 
pH of the breathing water. 

The rise of the COj-content which was observed after 30 minutes 
was also found in the other experiments, but from 1 hour afterwards 
it always decreased in the other experiments. While in the present 
case fishes A and B never decreased the highest COj-content, which 
was attained at the 30th minute of the experiment, until they died, 
and fish C, which showed no change by l.-'i hours later, raised this 
value in a great rate. Such connections have never been found in 
the other experiments and seem to be a marked distinction from the 
other experiments. This distinction may .surely be due to the influence 
of the low pH of the breathing water. 

In the other experiments hitherto conducted the change of the pH 
was paralleled with that of the COrcontent in the gross. But in the 
present experiment the bl<K»d pH decreased rapidly with time, giving 
no increase on the way. While the CO/content showed no decrease 
but rather increased with time. Thus, regarding both the pH and 
the COj-content a marked distinction has bet>n found between the 
acidosis caused by the 0.> deficiency and the acidosis which is caused 
by the low pH water. 

The respiration frequency jier minute was 86 to 114 at first. How- 
ever it decreased with time, and after 30 minutes it became 55 and 
40 in fishes A and B respectively. Fish C also showed a similar 
tendency, giving 45 after 1 and a half hours. The fact that the fishes 
once increased the respiration frec|uency within 20 or 30 minutes was 
a remarkable feature of the former exfieriments in which the acidosis 
was produced exclu.sively by the Oj deficiency. In the present experi- 
ment, however, such increase was not recogni/ed. This may be also 
a characteristic of the present experiment. 

In contradiction to the experiments in which the fi.shes manifest 
notable weakness after 30 minutes, the fishes employed in this experi- 
ment showed no debility until 30 minutes later. But from 40 minutes 
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afterwards they were gradually weakened and laid on the bottom after 
1 hour. Thenceforth fishes A, B, and C died after 1 hour and 10 
minutes, 1 hour and 40 minutes, and 2 hours respectively. 


Leucisctis, Acidosis Ebcperiment 8. 
(Ma> 21st. 9.20 am.. 19271 


The present experiment was made with the object of verifying the 
results of the preceding experiment The pH and the specific gravity 
of the breathing water was made almost similar to those of the former 
experiment. In the present experiment the breathing water wa.s 
aerated in order to prevent acidosis due to the Oj deficiency. 

After making a bleeding on each fish all were admitted into the 
experimental jar at a time. Thereafter the bleeding was made at 
intervals of 30 minutes, thus making 25 times of blood collection in all. 

The measurements of 4 fishes used were as follows. 


Fish Body lenfith 

A 35.3 

B 33.7 

C 35.8 

D 35.4 

(Table 47). 


Body height (im) Body weight (gms) 

7.2 493 

7.4 471 

7.6 518 

7.9 510 


Leuctsciix, Acidosis Exjwriment 9. 

(May 22nd. 920 am., 1927). 

An intention of altering the blood pH of Leuciscus in vivo was 
successfully attained by the two preceding experiments. But in these 
experiments the mode of the change of blood pH which occurs within 
30 minutes was not observed. To make out this relation a further 
experiment was attempted. 

Although the general manner of the experiment was similar to 
the former two experiments, the present one made in two tones, using 
1 fish and 10 litres of water each time. The tap water used for the 
breathing of fishes had the pH 8.15 and the specific gravity 1.0237 
(11. 9) which, however, decreased to pH 3,40 and specific gravity 
1.0233 (11“.9) by an addition of n/lO HQ solution. For the purpose 
of determining the blood pH accurately a particular saline solution 
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was prepared, snaking use of brom thymol blue as an indicator. 

In each (A the two successive tests bleeding was made at intervals 
of 5 minutes in the first 20 minutes, and thenceforth at intervals of 
10 minutes until 40 minutes afterwards. Gmsequenly 7 determinations 
were made on each fish. The measurements of the fishes were as 
follows. 

Fish Bodv letiKth (cm) Body height (cm) Body weight (gm») 

A 36.0 6.9 451 

B 34.3 6.8 417 


Table 48. 


1 Ji Time 

Air 

temp 

(C) 

Breathing wafer 
IVmp ; , (). 

(C) 1 P” 1 (cc) 

Blood 

II 

Behaviour of fishes 


1 

Om 

Ls.r 

12.0° 

3.40 

6.667 

7.16 

16 6 

04 

Swam actively 


2 

6 

i.s.s- 

12,0” 

.3.40 

6.067 

6.06 

14.7 

87 

Still 


.T 

10 

1.3.D« 

12.0” 

.3.45 

6.670 

6.00 

13.7 

88 

Breath regular 

•5 

4 

IB 

13.4* 

12.1” 

.3.46 

6.ief> 

6.86 

14.7 

88 


u. 

5 

20 

1.3.4” 

12.1” 

.3.60 

4.oe<s 

6.S6 

14.8 

86 

Floated on the surface 


6 

.SO 

13.4” 

12.1” 

.3.60 

4.716 

6.86 

IS. 6 

86 

A little weakened 


7 

40 

1.3.4” I 

12.1” 

.3.60 

4.761 

6,86 

10.7 

1 8.3 

Weakened. 


1 

0 

1.3.2” 

11 .0” 

3.40 

6.000 

7.20 

13.7 

00 

Excited. 


2 

n 

1.3.2” 

11. if 

,3.46 

6.730 

6.86 

16.6 

86 

Quiet 


.1 

10 

I. 3 .3“ 

12.0” 

3.46 

6.601 

6.83 

16.6 

88 

Respired deeply 

? 

4 

15 

13.4” 

12.0” 

.3.46 

6.. 363 

6.8.3 

1 16.6 

80 

Remained still on the 
bottom 


5 

20 

1.3.4” 

12.0“ 

.3.60 

6.4.30 

6.83 

16.6 

77 



a 

30 

13.4” 

12.0' 

.3.50 

4.023 

6.80 

10. C 

86 

A little weakened 


7 

40 

13.4” 

12.1” 

.3.50 

4.666 

6.80 

10.6 

76 

Breathed faintly. 


We notice in the present experiment {as in the 2 preceding experi- 
ments), firstly, that the rise of pH which oocured within the first 30 
minutes of die Experiment No. 1 has not been observed ; and, secondly, 
that the fall of the blood pH in the present experiment was recognizerl 
before the (^ showed any muhed change. These two facts distinctly 
characteriae the present experiment, indicating that the addosis can 
be produced by merdy lowering the water pH without any aid of 




374 


S. KOKUBO 


the Ot deficiency. The following figure (Fig. 25) shows the change 
of the blood pH and COj-content in the present experiment. 



Kig. 25 C^hanKe of thf pH and (:0.-rontent m blood (Leuct^cus, 
Acidosis Exp 9) 

Ordinate (left side1 -- pH 
Ordinate (right side) -COj vol”* 

Abscissa — time in minutes 

Continued line — pH Hruken line — COj vol’o 


Leuctsctis, Acidosis Experiment 10 
(May 24th. 920 am. 1927) 

As can be seen from the result of the 2 preceding exi)eriments 
Leuctsctis lowers its blood pH and increase its COj-content when it 
was forced to breath in the acidified water (pH 3.40). Therefore I 
made another experiment with a view to know what further changes 
may occur m blood pH when the fishes were replaced in the tap water. 

For the present purpose 4 fishes were kept in the low pH water 
after blood was collected from each fish. The second bleeding was 
made after 5, 10, and 20 minutes on fishes A, B, and C respectively. 
After the second bleeding the fishes were immediately replaced in the 
tap water. Thenceforth each fish was bled at intervals of 30 to 60 
minutes until 3 hours afterwards, but after this it w'as bled at longer 
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intervals, thus making 8 times of blood collection on each fish. 

The pH of the breathing water was made 3.40, adding about 650 cc 
of n/10 HCI solution to 20 litres of sea water. The specific gravity 
which showed 1.0242 (11 .2) at first fell to 1.0237 (11.2) after the 
addition of acid. 

The measurements of the fishes employed were as follows. 

Fish Body length (cm) I’odv height (tm) Body weight (gmsr) 

A 31.3 7.0 457 

B 34 8 7.3 468 

C 33.8 5.9 342 

D 33.2 2.6 333 

(Table 49) 

B) ALKALO.SfS 

Leiiciscvs, Alkalosis Experiment 1. 

(May 2t>th, KXKl.im. 19271 

The present experiment was conducted with the object of raising 
the blood pH of Lcuciscus and t.liserving the subsequent change of 
the ('0,-content when kept in the high pH water. 

In the alkalosis experiment of Cypnnus the rise of the blood pH 
was so sltiw that it required 1.5 to 3 hours to exceed initial value. 
But in the present experiment it was anticipated that the pH rise 
might be very rapid in companvm with that of Cypnnus, because the 
effect of the low pH water upon the blood pH of Leucisous was 
already found to be extremely rapid. 

Though the procedure of the experiment was quite similar to that 
of the former experiments, the breathing sea water was made alkaline 
by the addition of NaOH solution. In the alkalosis experiments of 
Cypnnus the pH of breathing water became 9.80 when about 60 cc 
of n/10 NaOH solution was added to 20 litres of fresh water. Whfie 
the breathing water used in this experiment needed, about 260 cc of 
the above solution to raise the pH of the same volume of water to 
9.80. This may, of course, be due to the buffer action of sea water. 
The decrease of the pH of breathing water during the experiment 
was not so rapid as during those of Cypnnus. So that it only needed 
some occasional addition of NaOH .solution to prevent the depression 
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of the pH of water. The initial pH of the sea water was 8.20 and 
the specific gravity was 1.0270 (ir.9). However the specific gravity 
fell to 1.0243 (ir’.9) with the addition of NaOH solution. 

Three fi^es were used and the bleeding was made at intervals 
of 30 minutes on eadi fish until it died. The dimensions of the fishes 
were as follows. 


Fish 


A 

B 

C 


Body length (om) 


40.0 

35.0 


Body height (cm) 

7.2 

7.4 

7.1 


Body weight (gms) 

497 

634 

468 


As will be seen in the above table a marked rise of blood pH 
was observed in this experiment. Such n rise was al.so often observed 
in the Acidosis Experiments (2-6). In addition to this the pH change 
observed 1 hour afterwards also clo.seIy resembled those of the acidosis 
experiments. Therefore the pH change found in this exficriment may 
be considered as depending upon the O.. decrease but not upon the 
high pH of the breathing water. 


Leuctscus, Alkalosis Experiment 2. 

(Mav 28th, 9 00 am. 1927) 

On account of the decrease of Oj content in breathing water the 
aim to change the blood pH and COj-content has not been attained 
in the former experiment. So that 1 conducted here one more experi- 
ment keeping both the pH and the Oj-content still higher. 

In the present experiment fresh water was used for the breathing 
of fishes The pH of the water rose to 11.00 by adding 40 cc of 
n NaOH solution to 20 litres of tap water. To prevent the decrease 
of Oj the breathing water was renewed every 10 minutes until 40 
minutes later and thereafter it was not renewed until the experiment 
ended. The bleeding was made eveiy 30 minutos. Because of the 
marked debility of the fishes blood collection was made but 3 times 
on each fish. 

The demensions of the fishes were as follows. 
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Fish Body hength (cm) Body height (cm) Body weight (gms) 

A 36.9 7.6 573 

B 3ai 7.6 623 

C 34.0 6.8 432 

The Os decrease in this experiment was too little to produce acidosis. 
Therefore the rise of the pH observed above may possibly be attributed 
to the effect of high pH water. 

As the consequence the fish died much sooner than in any of the 
former experiments, in spite of the frequent renewal of the breathing 
water. This shows that the death of the fishes were not caused by 
the Os deficiency but it must have resulted from the high pH of the 
breathing water. In the present experiment some outstanding features 
which were not found in the other cases was observed. For instance, 
fishes excreted a considerable amount of mucus from the libdy and 
the gill surface. From 30 minutes afterwards the amount of mucus 
secreted immensely increased and at last it seemed as if the fishes 
were enclosed in a mucilaginous miKlia 

This experiment suggests that the high pH exceeding 11.00 is too 
serious to the fishes for conducting the experiment. 


Leuciscus, Alkalosis Experiment 3. 

(May 30th. 9.30 am, 1927; 

The preceding two experiments failed in the aim of raising the 
blood pH of Leuciscus, because of the Oj dificiency of the water in 
one case and of an excessively high pH of water in another case. 
Therefore the present experiment was carried out so as not to decrease 
the O 2 content on the one hand, and’ to keep the water pH moderately 
on the other hand. 

About 26 cc of n NaOH solution was added to 20 litres of breathing 
sea water, thus raising its pH to ca 9.70. 

The renewal of water was made every 30 niintes at first, and less 
frequently thereafter, thus changing the breathing water 19 times in 
all. After the rise of blood pH was accurately determined at the 
end of the 2nd hour, the fishes were replaced in the tap water with 
a hope of recovering the normal blood pH. The tap water used in 
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this experiment showed its pH and specific gravity to be 8,20 and 
1.0235 (13° .6) respectively. 

The bleeding was made 7 times on each fish within 48 hours. 
The former experiments showed us that the fishes mostly raise their 
blood pH after 30 minutes unless the pH of water is decreased unusual- 
ly. Therefore no determination was made till 1 hour later. After 
this the bleeding was made at the end of 1, 2, 4, 5, 24 and 48 hours 
successively. 

The dimensions of the fishes employed were as follows. 


Fish 

Body length (cm) 

Body height (cm! 

) Body weight (gms) 

A 

36.1 

6.9 

482 

B 

34.5 

7.3 

502 

C 

35.0 

74 

513 


The above results lead us to conclude that Lettciscus should have 
exhibited an apparent alkalosis when it breathes in the high pH water 
(above 9.60), had it not felt the O. deficiency. 

IjeuciscuH, Alkalosis Experiment 4. 

(June Isl. 9 30 am. 1927; 

From the results of the former experiment it was found that the 
blood pH of Leuctscus remarkably rose by 1 hour later when the fish 
respired in the high pH water. Therefore a further determination 
was made to find the rate of the pH rise within 1 hour. 

As in the preceding experiment the pH of the In'eathing water 
was made 9.70 and the water was renewed every 5 minutes till 2 hours 
later, so that the Oi content of the water was kept moderately high. 
The pH and the specific gravity of the tap water were 8J20 and 1.0234 
(13”.3) respectively. 3 fishes were 'used and the bleeding was made 
every 20 minutes till 1 hour later. Thenceforth, the bleeding was 
made at intervals of 30 minutes, thus making 6 times of blood collec- 
tion on each fish by 2 hours afterwards. 

The measurements of the fishes used were as follows. 

Fiah Body length (cm) Body height (cm) Body weight (gm#) 

A 36.2 7.0 512 

B 35.6 6.5 360 

C 33,8 6.3 412 
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The results of the present experiment are, in brief, that the rise 
of blood pH due to the high pH of breathing water begins so soon 
as 20 minutes from the beginning of tbe experiment. 

Ijeuciscus, Alkalosis Experiment 5. 

(June 3rd, 9 29 am, 192.7) 

In the former experiment (he change of COj-content which took 
place in association with the change of blood pH has not been clearly 
determined. The present evjieriment was made with a hope of making 
clear this relation. 

The manner of exjierimcnl was almost the same as in the former 
case (Exp. 1). As the breathing water was renewed every .5 minutes 
the effect of the 0^ deficiency was not exhibited until 3 hours latei 
After this the fishes transferred into the tap water with the hope 
of recovering their vigour. The bleeding was carried out 8 times on 
each fish at varying intervals The initial (iH and the specific gravity 
of the water were 8 20 and 1 023.'> (13.3) resiitctively 

The measurements of the 3 fishes employed were ns follow-. 

Fish Body length (cm) Hod\ height (<m) Body weight (gms) 

A 34,4 6.0 368 

B 35.2 6.4 418 

C 36.0 66 477 

(Table 54) 


Ijeucixcus, Alkalosis F.xperiment 6. 

(June 4th, 10.(M)am, 1927) 

The results of 16 experiments hitherto conducted on Leudsais led 
us to conclude that the pH of this fish rises in a comparatively short 
time, either with high or low pH of the breathing water. Therefore 
I made a further experiment in which it was tried to cause an acidosis 
and alkalosis alternately. 

The method of experiment was similar to that of the former 
experiment, renewing the breathing sea water every 5 minutes. For 
the acidosis the pH of water was made 3.70 and for the alkalosis it 
was made pH 9.70. The fishes were placed in the high pH water 
until 1.5 hours later. After raising the blood pH in this manner they 
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were transferred into the low pH water and forced them to respire 
the acid water for 30 minutes, i. e., until 2 hours and 10 minutes 
later. As they lowered the blood pH pronouncedly until this time 
they were again introduced into the high pH water. Then after deter- 
mining the secondary rise assuredly, the experiments were discontinued. 

Bleeding was once made before they were admitted in the high 
pH water and after the admission they were bled twice, after 1 and 
1.5 hours. After they were transferred into the low pH water the 
bleeding was made twice, after 10 and 30 minutes. Thenceforth further 
bleeding was made twice, 30 minutes and 1 hour later, after the 
replacement of the fishes into the high pH water. Consequently 7 
times of blood collection were made on each fish, except on one 
which died during the experiment. 

The measurements of the fishes were as follows. 

Fi»h Body length (cm) Body height (cm) Body weight (gms) 

A 42.0 7.0 474 

B 48.0 6.8 492 

C 34.5 6.7 402 

(Table 55). 
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Capacity of the Blood Haemoglobin of the 
Carrier-I^eon following Splenectomy. 
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INTHODUCTION 

The blood changes after splenectomy have been exhaustively studied 
by many workers, but one phase of the ploblem, that bearing on the 
possible influence of the splenectomy on the character of the blood 
pigment, has not been thoroughly explored. Stimson (’27) discovered 
that the splenectomy in rabbits causes the appearance of a non- 
oxygen-canying haemoglobin in the circulating blood. As far as I 
know, however, there is no one who has studied the changes in the 
blood haemoglobin of birds following splenectomy. 

In the present investigation I have dealt with the relation between 
the oxygen capacity of the blood haemoglobin and the blood picture 
of the crurier-pigeon following splenectomy, with the hope of obtaining 
further data concerning the physiological function of the spleen. 

MATERIAI.S AND METHODS. 

The material used in my experiments was the carrier-pigeon. All 
specimens employed were healthy adults varying in weight from 250 
to 300 gms. 

The surgical technique of the splenectomy was simple. Clean 
and sterile instruments were used. The animals were lightly etherized, 
and the skin and the lateral body wall of the right side were opened. 
The stomach was seized with forceps and pulled out through the 
small incition untill the ^leen appeared. The spleen was extirpated 
and the stomach replaced. Preceding the extirpation of the spleen. 
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it was strictly necessary to ligate the splenic artery at the entrance 
of the vessel to the spleen, in order to avoid unnecessary' loss of 
blood. The body wall and the skin were sewn. Only one of the 
specimens became septic after operation. 

The oxygen capacity of the blood was determined by Van Si.YKe’s 
method. About O.-Scc. of th(' blood, at a time, per specimen, was 
taken from the branchial vein bv incerting the injection needle into 
the vessel. An initial sample was taken 1 or 2 days before splenec- 
tomy and further samples were obtained at varying intervals afterward. 
The samples weie difibrindted and kept in a fHircelain dish and were 
used within 3 hours after removal from the body, since the afinity 
for o.xygen of haemtiglobin gradually diminisht's. In my experiment, 
0.2 cc. of the sample w.is mtroducixl into a pipette of fifteen cc 
capacity and eqiiilibiated with atmospheiu' air by means of Kato’s 
micromethod in a water bath at <i temjieratUre of 1J°C, and then 
was drawn into the apjiaratus foi analyses 

The methods employed in the blood fiicture were as follows : 

The blood was taken from th<‘ branchial vein and a Thoma-Zeiss 
Haemometer was used for the enumeration of the corpuscles. For 
the haemoglobin estimation, Saiii.i's Haemometer was used. Differen- 
tial leucocyte count was made- from the ordinary blood spread, as is 
usual in such experiments 

RESULT OF THE EXPERIMENT. 

1 have preliminarily tested my own data on the enumeration of 
the erythrocytes in the chick blood and compared the results with 
those found by several other investigators. The results of enumeration 


are shown in the following table. ' 

Materials No of erythrcH ytes Investigators. 

Chick 2.10().0(K) Kohanawa 

, 2. moot) , Hyen 

3.080.000 Toryu 

3.100.000 Malassez 

„ 3.860.000 St6lzing 

Carrier-Pigeon 4.650.000 (20 specimens) Toryu 


As will be .seen from the above table, my own result obtained in 
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Table I. 


Erythrocyte and leucocyte count after splenectomy. 


Days after j 

No of total 

No. of normal 



spfenei-tomy | 

red cells 

1 red cells 

rhromatophiles 

leucocytes 



Before splenectomy 



4.540.000 

1 4.640.000 


.31.876 



After splenectomy. 


1 

4.000.000 

1 8.772.000 

228 000 

40.600 

2 

.1. 040. 000 

1 3 778.000 

162.000 

43.600 

r. 

3 615.000 

1 3.196.000 

.329.000 

43.800 


.",.464.000 

3,298.000 

267.000 

62.600 

10 

3.605.000 

3..379.000 

.316.000 

52.600 

l.T 

4.212.000 

3 770.000 

442.000 

40.600 

10 

4.2.'0.000 

4.211.010 

69.000 

.37.600 

21 

4 660.000 

' 4.613.000 

47.000 

25.(K)0 

24 

4.P6fl.000 

4.806 000 

60.000 

*1.900 

2V 

4.600.000 

4.672.000 

28.000 

37.600 

S4 

5.000.000 

i 4.964.000 

54.000 

28.100 

50 

4.628.000 

; 4.599.000 

29.000 

28.200 


Table II. 

Haemoglobin content in the blood of the carrier-pigeon 
after splenectomy. 


Days after 
siilenectomy 

llaemoKlubin 
content in total 

Haemoglobin 

, Expected value 
, of haemoglobin 

1 content in nor- 
; mal red cells 


Befor.- 8 

plenec tomy 



j 19.03 

1 1.00 

j 19.0.3 


After sp 

(lenectomv. 


1 

17.17 

1.02 

16.19 

2 

1.3.63 

0.83 

1.3.10 

6 

13,67 

0.98 

12.46 

7 

12.28 

0.88 

11.69 

10 

13.49 

0.88 

12.86 

13 

14.19 

0.80 

12.70 

16 

14.19 

0.79 

13.9.3 

21 

16.44 

0.86 

16.27 

24 

18 16 

0.91 

17.67 

29 

17.30 

0.89 

17.20 

34 

isac 

0.87 

18.02 

60 

18.68 

,0.95 

18.67 
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the chick agrees with those given by other workers, and therefore 
the higher value found in the carriei^pigeon is due not to technical 
error but to the specificity of the pigeon used. 

Tabu; III. 

Differential leucocyte count after splenectomy. 



1 40.600 13.44 

3 43.fi00 26 .3.3 ' 

5 48.800 69.00 I 

7 62.500 27.3.3 | 

to 62.600 14.76 

1.3 40.600 .34.. 33 

16 .37.600 36.00 

26.000 42.00 

31.900 .38.00 

37.600 23.89 

28.100 11.86 

60 28.2G0 10.62 


.3.27 1.63 80.98 
14 00 6.00 64.00 
4 67 6.00 80.67 
.3 90 0.30 67.89 
4.26 0.76 79.76 
6 00 0.33 69.83 
4 34 1..3.3 68.00 
4. .33 6.67 46.33 
6 49 4.69 48.92 
.3.89 4.17 60.94 
4.06 4.06 78.18 
4.61 4.64 78.13 


0.66 

0.67 

0.67 

0.90 

0.60 

1.00 

0.38 


l.li 

2 . 

2 . 



Fig. 1 Composite curve of the red blood cell counts of 
carner-pigeons after splenectomy. 
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Fig. 2. Polychromntophile counts after splenectomy. (Aver- 
nge of 5 carrier-pigeons). 



Fig 3 Leucocyte counts after splenectomy. (Average of 
5 carrier-pigeons). 



L. Lymphocyte counts. 

P. PseudoeoatnopMle counts 
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Fir 5 ShowitiK th<‘ relation of the haemoRlobin conleni 
to the red rell counts after splenectomy 

a <a A Haemoglobin content at every instance. 

• • B Haemoglobin lontent against the number of 

total red cell-' 

O' <■> C Haemoglobin content against the number of 

normal red tells 

1. Result Obtained for the Blood Pifture following Splenectomy. 

The full test of each exiienment is not given, but I may add that 
the range of variation was very small (± 1.944 96 ) throughout the entire 
series of experiments. I have given the numerical data of one case 
only in Table I, and that of others are shown only in curves. 

The splenectomy in the carrier-pigeon, as is shown m Table I and 
Fig. 1, produces an immediate decrease in the number of erythrocytes 
(often 25 per cent or more). Bui in about a week the erythrocytes 
begin to increase and in about H weeks usually reach the number 
before the splenectomy, and in about 7 weeks become more numerous 
than before the operation. This confirms the results of Mole (’25) 
on the rabbit. 

As is also shown in Table II and Fig. 5, the haenuiglobin content 
decreases as the erythrocyte count becomes lowered, but the degree 
of the reduction is much greater than the reduction of red cells, even 
when the red cell number has beconre more numerous than before 
the operation, the haemoglobin content dbes not reach a normal slate, 
showing 0.95 of haemoglobin value at the highest, except in 1.02 at 
the first day after the operation. Consequently, the haemoglobin 
content in every instance (curve A in Fig. 5) is always less than that 




CHANGES IN THE BLOOp OF CAKRIER-PIGEON 


397 


against the number of the total erythrocytes (curve B in Fig. .’S). 

Splenectomy in the carrier-pigeon, as will be seen from Table I 
and Fig. 2, causes an appearance of the polychromatophiles in from 
about 0.5 to 10.0 percent of the total red cells. The number of 
these cells shows a gradual increase with the progress of anemia up 
to 13 days after splenectomy, probably due to the rapid formation 
of erythrocytes. In about two weeks, when the erythrocytes begin 
to increase, the polychromatophiles suddenly diminish, but nerver 
disappear throughout the entire period of anemia of the animal, 
following splenectomy. 

Histologically, the polychromatophiles are somewhat larger than 
the normal erythrocytes and take the basophile tint. So I .suppose, 
as has been suggested by Walker (’04| the polychromatophiles are 
younger forms than the normal erythrocytes and contain a lesser 
amount of haemoglobin. To support the view just stated I notice 
the following relation: first, the degree of the reduction of the 
haemoglobin content is proportionately greater than the reduction of 
red cell count as already mentioned ; second, as will be seen from 
Fig. 5, the haemoglobin content in total red cells at every instance 
after the operation almost agrees with the expected value of haemo- 
globin content when the normal red cells alone are considered as 
functional. If the last relation is granted, it becomes highly probable 
that the polychromatophiles contain the least amount of haemoglobin. 
We will concider this question again under the section “ Oxygen 
capacity after splenectomy.” 

A decrease in the number of the erythrocytes and in the haemo- 
globin content, which is characteristic of anemia following the extirpa- 
tion of the spleen, is thus true in the carrier-pigeon. The duration 
of anemia following splenectomy varies in different animals. Pearce 
shows, on the dog, that anemia lasted about 150 days, while the 
recent work of Mole (’25) on the rabbit, shows that the duratiqn of 
anemia was from 4 to 8 weeks. Fukuda (’24) reports on poultry 
that anemia lasted 24 days, Ohuye (’27), on the newt, 10 to 60 days. 

In my experiment on the esarier-pigeon, the recovery of the number 
of the red cells to normal is reached within from 10 to 20 days, but 
the haemoglobin value does hot reach the normal level even when 
the red cell number has become more numerous than before the 
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operation, due probably to the a|ipearance of polchromatophiles, as 
mentbned above. This suggests that the spleen may play a part in 
the preparation of new haemoglobin, or in the preservation of the 
iron set free by the death of the red corpuscles and supplied from 
diet. Grossenbacher and Asher (’08) found that after extirpation 
of the spleen there was a distinct increase in the daily loss of iron 
from the body, in dogs, an increase from 11 to 18 mgm. Whether 
or not a »milar result occurs in the carrier-pigeon needs furlhta- in- 
vestigation to determine 

Table III and Fig. 3 show an invariable increase in the number 
of white cells within a few days of splenectomy ; after which there 
is gradual decrease, the normal level being reached in 30 days. 

I suppose the increase in the number of white cells which occurs 
immediatly after the operation is a post-operative leucocytosis. 

As is shown in Table III, the lymphocyte count decreases with 
the progress of time after the operation, while other elements, esfie- 
dally the pseudoeosinophile shows strictly the reverse relalkifi. Con- 
sequently, the curves L and P in Fig. 4. are obtained. 

A decrease in the number of lymphocytes in the blood of mammals 
following splenectomy has not been recognized, because of the fact 
that the lymphatic glands or nodes supply the loss by the production 
of lymphocytes. On the contrary, however, since the lymphatic glands 
are lacking in the carrier-pigeon, as in some other birds, the extirpation 
of the spleen would bring about a decrease in the number of lympho- 
cytes. 

II. Result Obtained for the Relation Between the Haemoglobin 
Content and the Oxygen Capacity Following Splenectomy. 

The results of the investigations for the haemoglobin content and 
the oxygen capacity before and after the splenectomy are given in 
Table IV and are shown graphically in Figs. 6 and 7. 

The oxygen capacity of the haemoglobin in every instance after 
the operation showed more or less reduction compared with the 
oxygen capacity shown by the total haemoglobin given by the control 
pigeon. This indicates that the sj^nectomy in the carrierpigeon 
causes either the appearance of inactive red cells which are incapable 
of taking on oxygen in the circidating blood, <»* reduced abSity of 
combinmg with oxygen in ail the red cells. We have, however. 
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Table IV. 

Haemoglobin content and oxygen capacity following 
splenectomy. 


' T . 1 , Non-Orcarry- ; Qb^rved O, 

after lotalhaemo- carrvmK hac ini; haemoKio , v fn- 

splenec ulobm con- ' moftinbin from' bin in total ■ , , , ■ 

tomy , tent at every observed O3 haemoglobin ' ? ,1. 

instance ' capacity ■ contenT | haemoglobin 

, I' I content 

Before splenectomy. 


Tb(>oretical 
0« capacity 
of haemoglo- 
I bin which IS 
; made equih- 
I hrated to the 
' control. 




After splenectomy 



1 

17.17 

10.74 

0.43 

27.46 

28.16 


l.T fi7 

1.3..30 

0..-.7 

21.80 

22.41 

T) 

la.f.7 

11.00 

2.07 

19. ('3 

22.41 

7 

12 . 2K 

8 SO 

2.48 

16. <'7 

20.13 

1(1 

12.49 

11.06 

2 4-1 

18.11 

20.12 

la 

14.19 

M.OO 

0.19 

22 96 

23.21 

If. 

14.19 ; 

14.18 

0.01 

23.26 

23 26 

1!1 

10.44 1 




26.86 

34 

18.10 

10.81 

i.."r> 

27.60 

31.84 

28 

17.30 ; 

17.91 


29.36 

28.30 

.T4 

18.10 

17.29 


28 34 

31 .34 

60 

18.68 

18.17 

oini 

29.68 

30.06 



Ffg. 6. Showing the relation between the haemoglobin 
content and the oxygen'CgiryinK baemogiobin after splenectomy. 

A. Total haemoglobin content. 

B. OxygeH'cairying haemoglobin. 
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Fig. 7 Showing the relation between the oxygen capacity 
against oxygcn-carrymg haemoglobin and that against the total 
haemoglobin 

A. Oxygen capacity against total haemoglobin. 

B Oxygen capacity against oxygen-carrying haemoglobin 

assumed already that this reduction is more probably due to the 
appearance of polychromatophiles than to the general falling of the 
oxygen-combining ability of all red cells, from the fact that the cells 
under consideration are younger and that further more, the haemo- 
globin content is relatively less when these cells increase, and vice 
versa. 

The amount of this inactive haemoglobin, as will be seen from 
Table IV and Fig. 6, gradually increases with the progress of anemia, 
reaching the maximum about 2 weeks after the operation, when it 
begins to decrease, and in about 7 weeks almost disappears. 

Stimson (’27) found in splenectomized rabbits a non-oxygen-carrying 
haemoglobin, from 4 to 20 percent of the total haemoglobin, which 
disappeared in 2 or 3 days after the operation. By my own obser- 
vation in the carrier-pigeon, the inactive haemoglobin id from about 
1 to 25 percent in amount and is of much the same order as that 
found in the rabbit by Stimson just stated, but the duration of its 
appearance in the carrier-pigeon is far longer, appearing throughout 
almost the entire period of anemia. 

Stimson considered the inactive haemoglobin found in his splenec- 
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tomized rabbit to be the haemoglobin derivative which has methaemo- 
globin like properties and is capable of being activated, in terms of 
oxygen capacity, by a strong reducing agent. Further work is being 
undertaken to obtain more information, if possible, as to the nature 
of the non-oxygen-carrying haemoglobin found in the blood of the 
carrier-pigeon following splenectomy. 

SUMMARY. 

The results obtained in this investigation may be summanzeil as 
follows : 

1. Removal of the whole spleen in the adult camer-pigeon usually 
at once produces a dwrease in the number of eiythrocytes. In about 
a week they begin to increase and in alxiut 7 weeks are usually more 
numerous than before the operation. 

2. The erythrocyte decrease is associated with a considerable 
polychromatophile increase during the first 2 weeks, suggesting increased 
haemopoiesis. 

3. The haemoglobin contents at eveiy instance after splenectomy 
show lower values than those against the total erythrocyte counts. 

4 Removal of the whole spleen in the adult camer-pigeon pro- 
duces an increase in the number of leucocytes, suggesting a post- 
operative leucocytosis. They return to normal after about 2 weeks. 

5. 'fliere arc noteworthy changes concerning the differential leuco- 
cyte count: The number of lymphocytes decreases with the progress 
of time after the splenectomy, while that the pseudoeosinophile shows 
strictly the reverse relation. 

6. Splenectomy in the adult carrier-pigeon causes the appearance 
of a non-oxygen-carrying haemoglobin varying in amount from I to 
25 percent of the total blood haemoglobin. This inactive haemoglobin 
seems to be associated with the appearance of polychromatophile cells. 

Before leaving the subject, I wish to express my hearty thanks to 
Prof. S. Hatai for his valuable suggestions and criticism throughout 
the entire course of this work. 
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The perivisceral cavity of Caudtna is filled with pink colored fluid 
and hy it all the inteinal organs, such as alimentary tract, respiratory 
trees, gonads, and so on, aie bathed. This color of the fluid is due 
to the pres<>nce of haemoglobin containing red blood corpuscles The 
perivisceral fluid appears to casual observers stagnant and without 
current evcept a general movement as the animal contracts or retracts 
its body. 

As early as 1896, Geroiu.d made an oKservation on the circulation 
of Caudina within the tentacles, but of the perivisceral circulation very 
little was stated 

WiDMARK (1911) who made many experiments on Aureha and 
Cyanea, found that the dissolved substancts in perivisceral fluid were 
distributed well by the currents caused by the movement of cilia lining 
the wh(de peritoneum. So far as I am aware very little is known 
concerning the general circulation of the penvisctral fluid about 
Echinoderms or with the pie.ssure of the body fluid undei varied 
conditions. Hence I undertook, at the suggestion of Professor Dr. S. 
Hatai, the problem of the circulatory current of the body fluid of 
Caudina chilenais (J. MOller), materials for which can be found in 
large numbers in the sandy shores near the Asainushi Marine Biolo- 
gical Station. 

1. THE MOVEMENT OF TENTACLES 

A sand burrowing by Co^i^ solely accomplished by the well 
co-ordinated movement of the .tCTtacles and indeed the survival of 
Caudina almost depends on the proper adjustment of the tentacles. 

LContrtbutions from the Marine Biological Station, Asamuthi, Aomon-ken No. 54. 
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Yamanouchi (1929) who made very careful observations on the be- 
haviour of Caudina states that “ the tentacles are the most important 
organ for movement in the sand, and swallowing the sand by the aid 
of tentacles would much facilitate its movement in addition to its food 
taking ” 

The tentacular activities of Caitdtna are well described by Gerould 
(1896) and I shall quote some of his words : “ Caudina burrows head 

foremost mainly by means of its tentacles, which by the alternate 
contraction of their outer and inner longituginal muscles move back 
and forth in a radinal direction, crowding aside the grains of sand 
which lie in its course. A forward movement is facili ated by the 
animal swallowing the sand immediately in front of it, as is said to 
be the case also with Sunapta and many worms ”. 

The projection or expansion of the tentacles is, no doubt, produced 
by the pressure of the intra-tentacular fluid acting on the elastic 
membranous wall, but how .strong is its pressure is as yet not known, 
and I have thus first attempted to determine its value. However it 
is difficult to determine the pressure m tentacular fluid directly from 
the tentacles because the tentacular ampulla is the essential regulator 
of the pressure of the fluid since it is continuous to the water canal 
system. I have therefore measured the pressure of the ampulla instead, 
by inserting a delicate injecting needle, to which a manometer of 
apropriate size is attached, and obtained the following range of figures 
from 10 specimens. 

1 3-2.5 cm/water 

The above figures were obtained from the Caudina immediately 
after the body was opened and it is therefore probable that the pres- 
sure of the fluid within the tentacles will be much higher in normal 
intact Caudina than the values shown in the above. 

2. THE PRES.SURE OF PERIVISCERAL FLUID. 

The perivisceral wall of Holothurians is remarkably efficient as 
compared with that of other Echinoderms, since in the former the 
perivisceral wall not only possesses properties of spontaneous rythmic 
movement but also contractive or retractive powa- of the entire wall. 

The increase of contractile force of the body wall produces increase 
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in pressure of the periviscera] fluid, and during violent contraction of 
the animal the pressure becomes accordingly very great. 

The following figures which were obtained from ten Cavdinas m 
each exfieriment show the pressures of the perivisceral fluid in Caudtna 
(adult form) at 18°C sea water under varied conditions; 

10-20 cm/ water ; normal condition or at rest in sand, 

30-40 cm/water ; sand burrowing animals, 

45-50 cm/water ; contraction by electrical stimulus (2 Volts) applied 
on the body surface for less than a second, and 

45-50 cm/water ; contraction by elect, stim. (4 Volts). 

The figures given above show that the perivisceral pressure under 
the working condition is more than double that of the animal in a 
resting condition. The pressure during the contraction of the body 
caused by an electrical stimulus shows 2.5-4.5 times the pressure shown 
during the resting condition. It will be noted however that a much 
stronger ek'ctrical stimulus and consequently much greater contraction 
of the body is not accompanied by a proportionately greater pressure, 
indicating that 45-50 cm/water is probably the maximum pressure 
attainable by the adult Caudtna. 

The pressure of the perivisceral fluid in the younger Caudtna 
(about 10 mm. in length) is considerably lower than that given by the 
adult form. In the average, the pressure at rest is only about 2-4 cm. 
of water and even during the stronger contraction of the body, pro- 
duced either by mechanical or by electrical stimuli, it does not exceed 
3-5 cm. of water. The pressure, then, in the younger Caudtna, is 
1. 5-2.5 times as great during contraction as during relaxation. 

3. ACTIVITY OF POLIAN VESICLE 

According to Heydb (1922), the water vascular system is conti- 
nuous with the tentacular cavities and thus assists greatly in expanding 
as well as contracting the tentacles. 

We know that aU the tentacles do not project at once but usually 
one after the other. The same is true for the branches of each 
tentacle Although the entrance of the fluid into the tentacles must 
be due to the pressure of the fluid contained in the water vascular 
canal from increased contraction of the latter, whether the entire 
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system of the water vascular canal contracts at once or in part is not 
clear, though the latter seems more probable. At any rate, whenever 
a tentacle begins to contract, we find that the fluid in it is first driven 
back gradually into the ampulla. 

The contraction of the polian veswie produces a current and sends 
the fluid directly into the radial canal So that the pressure of the 
radial canal may be determined from the pressure in the polian vesicle, 
which value is practically identical with that given by the ampulla, 
though in this case the tentacular ampulla may affect the result 
slightly. However, if the polian vt^skle is pinched with a forceps, we 
find practically no change of the pressure in the tentacular ampulla 
and thus the reciprocal relation between the fluid of the polian vesicle 
and the tentacular fluid seems smaller than one would anticipate. 

4 THE PKKIVISCKRAL CIRCULATION. 

The perivisceral cavity of Caudina, like that of other Holothurians, 
IS spacious, and extends from the oral disk to the posterior tip of the 
body. The fluid is largely sea water (Okazaki and Koizumi 1927) 
and contains numerous amoebocytes (CufcNOT 1H91) which are also 
designated as haemoglobin containing red blood corpuscles, wandering 
cells (Durham 1892), and several other kinds of corpuscles (Geroui^d 
1896, Kawamoto 1927, Sivickis and Domantay 1928). Most of all 
these corpuscles are found in the connective tissue layer of the body 
wall, vascular 8y.stem, and tentacular fluid. It is a matter of general 
knowledge that the perivisceral fluid is in constant communication with 
the vascular system through the stone canal and the madreporite and 
therefore the perivisceral fluid ma> be identical with that of the water 
vascular system. Moreover some of the haemal system communicates 
with the water, ring canal (Kawamoto 1927, Sivickis and Domantay 
1928), therefore blood and perivisceral fluid are afforded a chance to 
mix with each other. , 

The movement of body fluid has been studied hitherto mainly in 
connection with the ciliary movement, Gerould in 1896, found that 
the peritoneal surface of the body cavity of Caudina consists of a 
pavement endothelium which is provided with vibratmg cilia, but 
nodiiog was stated as to the phenomena of perivisceral circulation. 
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According to Heyde (1922), in Ecbinoderms the perivisceral fluid 
is stagnant and without current. On the contrary in Caudina, we can 
observe a current of definite speed which maintains a constant circula- 
tion within the perivisceral cavity. 

The course of the perivisceral circulation is exclusively determined 
by the movement of cilia, similar to that produced by most other 
lower forms. Meyer (1929) first demonstrated the important role 
played by the cilia of body walls in Tomopteris (Annelid) and reported 
that the direction of the perivisceral circulation was absolutely constant, 
1 . e., the directKin of the effective beat is the same for all the cilia of 
one side. On the opposite side (ventral and dorsal) the direction is 
opposite. The current of the coelomic fluid runs forward on the 
ventral side of the trunk, and runs backwards on the dorsal side. 

In the case of Caudina, with which I have experimented, a current 
may be directed antero-posteriorly along near the body wall or outside 
of the center of the body axis, and in the region where the tail begins 
most of the current takes a reversed or posterio-anterior course, though 
the remaining current proceeds without changing its original antero- 
fiosterior course into the tail and, only at the tip end of it, takes the 
reversed or postero-antenor course along the center of the tail and 
enters into the body proper. This current runs along the center, 
uniting with the main upward current, mentioned above, and finally 
reaches the anterior tqi of the body cavity. The general course of 
the current may be understood better from the following diagram. 


Dorsal mcsonterj’ 



Ventral mesentery Lateral mesentery 


Fig. 1. Diagramatic view of the general course of currcnt.s of the 
perivisceral fluid in Caudim chilctau, showing the perivisceral cavity 
of the body. 

In atm^ing these i^hwnomena of li>e petivisceral circulation both 
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adult and younger specimens were employed. 

Since the body of the adult Caudina is opaque and the circulation 
can not be observed directly, I have determined it indirectly by the 
colorimetric method. This colorimetric method is (1) to inject some 
sea water in which a small amount of IC,Fe(CN), was dissolved to 
one part of the perivisceral cavity, and then (2) to test the perivisceral 
fluid which was drawn from another part of the body with FeCl|. 

By this method we could determine not only the direction of the 
current but how far and how fast it was for any given time. For 
instance, if we injected a K|Fe(CN), mixture in the anterior part of 
the perivisceral cavity, we could not detect it with FeCl, at the place 
where the injection was made even if it was examined within a second 
or two after injection, but we invariably detected it in the posterior 
part of the trunk. On the other hand, the mixture which was injected 
m the posterior part could be found after some seconds in the anterior 
part of the cavity, but not at the region where it was injected. 

From a number of ob.servations carried out on many specimens it 
became certain that the perivisceral fluid is circulating antero-posteriorly 
along the periphery and then reverses its course; that is, postero- 
anteriorly along the central axis of the body cavity. But such a 
course of the current as just .stated is often disturbed, especially at 
the time when the Caudtna is dug out from the sand, owing to a 
sudden contraction of the body wall, and esjiecially when such contrac- 
tion occurs irregularly in different parts of the body. Some of the 
causes which temporarily disturb the current of the perivisceral fluid 
are enumerated below: 

1) Contraction of the body wall. 

2) Movement of some ampula,of the tentacles. 

3) Periodic in- and exhalation of the respiratory tree or water 
lung. 

4) Undulatory movement of the mesentery as well as of respiratory 
trees, which may further enhance the disturbance of the current 
motion. 

These four factors just stated often produce a complete reversal 
of the normal course of the current, or force it sidewardly for a few 
seconds, though such disturbances are soon subsided and the current 
resumes its normal, original course. These phenomena can easily be 
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observed in the younger Caudina (about 5 mm. in length), in which 
the body wall is thinner and transparent, and thus not only the normal 
course of the current but the reaction of color is directly observable 
under the microscope. 

I may add also that in the younger Caudina, not only the move- 
ment of corpuscles in the perivisceral fluid, but movement of the 
respiratory trees and of the tentacular ampullae etc. can clearly be 
observed. The results of observations made on the younger Caudina 
under the microscope accord entirely with the results indirectly obtained 
by the method of injection KiFelCN)*; that is, the main course of 
the current of the perivisceral fluid is antero-posterior along the peri- 
phery of the cavity and posterio-anterior along the centre of the body 
cavity. 

Some notion as to the velocity of the current of the perivisceral 
fluid is very easily obtained when one determines the speed of the 
movement of the corpuscles through the skin of the young Caudina 
(5-15 mm. in length) under the microscope. By the aid of the micro- 
meter, the velocity of the airpuscle flow at 15°-18°C sea water, fnim 
several young Caudina (5-15 mm. in body length) was determined and 
the results are given below. 


Length of body. Temperature of sea Velocity per second 

(mm ') water. (C) (mm.) 


5 


7 


8 


15 13 

„ 12 

10 

„ 14 

13 

16 15 

18 11 

15 10 

13 

16 14 

15 15 

12 

16 13 

17 15 

15 - 10 


10 
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Length of body. 

Temperature of *ea 
water (C^ 

Velocity per aecond. 
imm.) 

10 

17 

12 



10 


18 ... . 

13 

#1 • • ' 



14 



1.5 



16 

15 ....... 

. 15 

12 


14 

” 

.. . . 16 

13 

” 

17 

13 



15 

Average . 


13 


These figures indicate that the individual variations are rather small 
and that in Caudina, ranging in body length range from 5 to 15 mm., 
the velocities of corpuscles are from lO-lfimm. per second, or in the 
average 13 mm. per second, at the given temperature. These direct 
measurements based on th«‘ movement of corpuscles are, however, close 
approximations only since the fluid in reality runs somewhat more 
quickly than the corpuscles as tested by the colorimetric method. 

The velocity appears to depend very largely u|)on internal pressure 
produced by the cxintraction of the body wall. The following figures 
were obtained from young Caudina (18 mm. in length) at 19°C sea 
water ; 


Internal pressure in cm water 

1 S 

4 

1 ® 

6 

Velocity per second (mm.J I 

■ 

; 

18 

18 

n 

1 

1 18 

20 

21 

III 

1 

i 21 

22 

22 

Average 

1 

1 

20 ' 

20 


These relations show that the increased pressure of the cavity 
during contraction causes also increase of the velocity of the current 
and, indeed, when the pressure of the cavity is doubled, the velocity 
of the current becomes 1.3 times its initial value. 
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In the adult forms, a given pressure jwoduces greater velocity than 
in the younger specimen, due probably to a greater contractility of 
the body wall. The facts just mentioned are shown in the following 
figures. "The data were (Stained by the colorimetric method of 
K 4 Fe(''’N)« injection. 


Internal prrsaure in on. water j 18 1 SO 

Velocity per serond fmm ) 1 | 14 i UO 

11 { 12 ' 28 

III ' If) 1 no 


Average j 14 


40 


30 

.10 


That is, w’hen the pressure is doubled, the velocity becomes also 
nearly double its initial value (by graphic interpolation). 


5 TKNTACllLAR FLUID 

Gerould (1^96) observed a current of water setting upwards from 
the basal rcjgion of the tentacular canal and has indicated the general 
course of tentacular circulation in the figure However there still remain 
many interesting problems connected with the course of the current m 
this important organ. 

The tentacular canal is lined with flat ciliated cells. By the move- 
ment of these ciha the tentacular fluid circulates, but in n definite 
direction. The tentacular circulation of Caudina has no connciction 
with that of the perivisceral fluid and thus it has its own velocity, 
though variable under variable conditions. When the tentacle contracts 
quickly, the velocity of circulation quickly increases but when it st- 
reches, the velocity is slowed. 

The direction of the circulation along the inner and outer sides of 
the tentacular canal (with respect to the center of the body) is opposite 
to one another, that is, the current along the inner side runs upwards, 
while that along the outer side runs backwards. My observation on 
the tentacular circulation was chiefly made on the younger animal in 
which the tentacular canal is seen clearly through the thin transparent 
wall. Hie tentade with bifurcated branches is the most convenient 
stage to work with although «ven in the tetrafurcated stage the cir- 
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culation of the fluid may easily be observed through the transparent 
wall. 

Gerould’s illustration (1896) shows that the current circulates from 
the base of the tentacular canal to the tip of one branch then to the 
tip of another branch along one side and finally runs back to the base 
again along the opposite side. My own observation reveals, however, 
that in the bifurcated stage tentacles a current runs along the inner 
side of the tentacular canal but at the base of division of the branches 
it divides into two streams and each enters its respective branch. The 
fluid thus entered proceeds into the tip where it runs back along the 
opposite side of the canal 




Fig. 2. Diagramatic new of the general course of currents of the 
tentacular fluid in Caudtna chtlensu. A. Bifurcated tentacle with its 
canal. B. Tetrafurrated tentacle with its canal. The courses of the 
current are: 

a, ascending current along the inner side, 

b, descending current along the opposite, outer side. 

In the tetrafurcated tentacular stage, the tentacular circulation is 
some what complex than that of the bifurcated tentacular stage. The 
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fluid which flows upwards along one side of the canal enters first into 
the lower 2nd branch and then into the 1st branch. The general 
course of the current, inhalent and exhalent, is the same as in the 
fomer bifurcated stage. From the above it is evident that the general 
course of circulation of the branches appears first along the side facing 
towards the mouth of the tentacle, then returns into the mam canal 
through the opposite side and thus seems to avoid a mixing of the 
upward and downward currents. Such a definite course of circulation 
would be established by the ciliary movement. 

When the tentacle contracts the fluid within the branches is emptied 
first into the tentacular c.anal, which in turn empties it into the ampulla 
in association with the retraction of the entire tentacle. Even if the 
contraction occurs in only one branch, the fluid in the opposite branch 
appears to circulate with the same velocity. In fact, the tentacular 
fluid is always in motion, even when the tentacles remain quiescent. 
The current is noticed even when the Cattdina is under the influence 
of anaesthetics to such an extent that weak mechanical or electrical 
stimuli produce no response in the tentacles. , 

SUMMARY. 

1. The circulations of the perivisceral fluid and the tentacular fluid 
in Cattdina chilensis were examined. 

2. The current of the perivisceral fluid progresses antero-poste- 
riorly close along the body wall, and returns postero-anteriorly along 
the centre of the body cavity. 

3. The current of the tentacular fluid runs upwards along the 
inner side of the canal, that is, that facing towards the oral opening 
of the branches of the tentacle, and then returns into the tentacular 
ampulla along the opposite side of the tentacular canal. 

4. With respect to the pressure of the perivisceral fluid, it exhibits 
considerable variations under varied conditions, and shows in the adult 
Caudina about 15 cm/water at the resting time, while during contrac- 
tion, about 40 cm/water. The pressure of adult animals is much higher 
than that of younger animals <ii\ a similar physiological state. 
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Chromosomenmorphologie von Rumex Acetosa. 


Von 


Tomowo Ono. 

(Botanisches Laboratonum der 2te HochschUle, Sendai, Japan) 
(Mit 3 Text-bguren.) 


Z>'tologische Untersuchungen von Rumex Acetosa wurden schon von 
KfHARA und Ono (1923, 1925), Sinot6 (1924), Ono und Shimotomai 
(1928) und Ono (1928) ausgefiihrt. Durch diese Untersuchungen smd 
die Bcziehungen zwischen der Sexualitat und der Chromosomenformel 
dieser Pflanze als folgende festgestellt worden ; 


Scxualitat Chromosomenformel 




-?• 


14=2X + 12a 
15^X + 2Y + 12a 
21=3X + 18a 
22 = 2X + 2Y + 18a 
29 = 3X + 2Y + 24a 


Kihara und Ono (1923, 1925), 
SiNOTo (1924) 

Ono (1928) 

Ono und Shimotomai (1928) 
Ono und Shimotomai (1928) 


Seit 1926 habe ich etwa hundert Intersexualpflanzcn von R. Acetosa 
in der Umgebung von Sendai gesammelt. Die Chromosomens'atze 
dieser Individuen waren nach meiner bisHerigen Untersuchung meistens 
triploid und nur in einem Falle tetraploid. Vor kurzem habe icb 
ausserdem noch einige dipioide Intersexualpflanzcn gefunden. Friiher 
richteten wir unsere Aufmerksamkeit hauptsachlich auf die Chromo- 
somenzahlen, weil die Analyse der einzelnen Chromosomen fast un- 
moglich schien. Zur genaueren Erkenntnis der Geschlechtsverhaltnisse 
ist aber die Chromosomenmorphologie von grossem Wert. Darum 
habe ich bei vorliegender Untersuchung diesem Punkt grosse Aufmerk- 
samkeit gewidmet und zur Fixierung der jungen Sprosse Kiharas 
Ahkiihlungs- (Kihara, 1927) und fiir die der Wurzelspitzen die 
Chloralisierungsmethode (SaKamura, 1920, Kagawa, 1929) angewendet. 
Als FbcierungsfliiSsigkeit habe ich Carnoys Gemisch fiir die Sprosse 
und das Flemmings fiir die Wurzdn gewahlt. Diese beiden Methoden 
lieferten immer sehr gute Resultate. Hier teile ich meine vorlaufigen 
Ergebnisse kurz mit. 
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DIPLOIDE PFLANZE. 

Hier mochte ich zuerst die Chromosomenmerkinale der normalen 
mannlichen und weiblichen Pflanzen genauer beschreiben. 

Die tnannlicbe Pflanze enthalt 15( = X+2Y + 12a) diploide Chromo- 
somen. Fig 1 und 8 zeigen die somatischen Kernplatten aus der 
Archespor- und Wurzelzelle dieser Pflanze. Wie man aus den Abbild- 
ungen sieht, smd das X-Chromosom und die zwei Y-Chromosomen im 
Vergleich zu den iibrigen Autosomen in Lange und Form charakterisl- 
isch. Das X ist am langsten und besitzt in der Mitte ein Gelenk 
od. eine Einschniirung, die eine Insertionsstelle der Zugfasem ist. Die 
zwei Y sind auch durch ihren gieich od. ungleich zweischenkeligen Bau 
charakteristisch, aber sie sind immer kiirzer als X. In der Regel hat 
das eine (yi) das Gelenk fast in der Mitte, und das andere (y«) hat 
es etwas entfernt. Die Lange des yi-Chromosoms ist im allgemeinen 
etwas grosser als die des y^. Die iibrigen 12 Autosomen bilden ge- 
wohnlich gerade Stabchen, bei denen an einem Ende infolge der 
Einschniirung ein Kbpfchen skhtbar ist. Es ist aber schwer, die ein- 
zelnen Autosomen zu unterscheiden. ()flers linden wir Trabanten an 
einem relativ langen Paar von Autosomen. — Sie konnen auch ofters 
beim Weibchen beobachtet werden. — Unter Urastanden konnen sie 
jedoch gar nicht gesehen werden. 

Die weibliche Pflanze enthalt 14(=2X + 12a) somatische Chromo- 
somen. Wie die Figuren (Fig. 3 und 7) zeigen. konnen wir klar 2 
lange, zweischenkelige X und 12 gerade Autosomen mit je einem 
Kbpfchen an ihrem proximalen Ende feststeJIen. Die Gestalt und das 
Langenverhaltnis eines voUstandigen Chromosomensatzes der mann- 
lichen und der weiblichen Pflanze sind in Fig. 3 und 4 dargestdlt. 

Wie schon erwahnt, habe ich neuerdings einige Ib-chromosomige 
Intersexualpflanzen gefunden. Der Intersexualitatsgrad dieser Pflanzen 
ist aba* sehr niedrig'^ Die somatische Kernplatte solcher Pflanzen ist 
in Fig. 2 a, 5 a, 6 a und 9 abgebildet. Der Chromosomensatz ist seb: 
ahnlich dem der mannlichen Pflanze. Ein Punkt ist aber ganz sonder- 
bar. Es ist namlich immer ein verhaltnismassig kiirzeres, zweischen- 


*)Die Intfrsexualpflanzen von R. Acetota sind meistens andromonlizisch od. trimonte- 
iscb. Ich habe die Grade der IntersexoalitKt begrifflich durch die Bererhnuag 
der Prozents8lze ihrer bisexuellen BlUten bestinrunt (OlWl, 1930). 
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Rumtx Acttoaa. Fir 1 Diploid r ChromosomenViestand eincr Archespor 
?elle des normalrii M&nnchens (16--X+2Y4-I2a) Fu. 2a-d Chromosomen- 
beatand «in<T 2n Interscxualpflanzc Nr 0 (l5=r'X+2Y t a' t-11 a) Die Figuren 
bezi^n »ich auf eln und dieaelbe Pflanie. Fi* 2 a Polplatte aus der Tapeten- 
zelle. Fig. 2 b Polplatte aus der Archesporzelle Fig. 2 c, d Hombotypische 
Kemplattcn. (X+a'+5aH(2Y+6a) (X+6a)^-(2Y + a'+5a;. Fig 3-« Ver- 
halten der Cbromosomeabesttade normaier end mtersexueller 2 n Pflanzen Die 
Chromoaomen smd ihrer Grbase oach geordnet Fig. 3 Normales Weibchen 
a4=-2X + 12a) Fig. 4. Normales Mfanchen (15-X+2Y+12 a). Fig. 5a,2n 
Intersexualpflanze Nr 102 (15^X+2Y Fa' l-ll a) Fig. 5 b Bivalenten in einer 
Pottenmutterzelle aus derielben Pflanze (611+YXY). Fig 6 a 2 n Intcrsexual- 
pflanze Nr. 77 (l6«X+2Y+a'-Fll a) Fig 6 b Ein drriteiliges Chromosora 
(YXYj in dersellien Pflanze x ca 2000 
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Rumex Aceto$a. Fig. 7-21. Diploidr ChromosomenbestSnde der ver*chieden- 
en Individucn X-, Y- und a'-Chromosomeii sind schwarz gezeichnet. Fig. 7. 
Nonnales Weibohen (14-2X+12a) Fig 8. Normalfes Minhchen (15=X+2Y 
+ J2a) Fig. 9 2n Intersexualpflanze Nr 71 (15-iX+2Y+8'+ll a). Fig. 10 u. 
11. 2 n Weibchen kombinativ mit anderen Chromosomenbeatanden. Fig. 10. 
14-»2X+Y+11 a. Fig 11. J4=-2X+2a' 1-lOa. Fig. 12 Nachkomnu! einer 3n 
Intersexualpflanze (15 -X+3Y t 2 a'+9 a). Fig. 13 3 n Weibchen (21 -3X+ 18 a). 
Fig. 14, 16. 3n Interaexualpflanze nut einem a'-Chromosom (22^2X+2Y+a'' 
+ 17 a). X ca. 2000. 
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keliges Autosom bei diesem Falle bemerkbar. Dieses Autosom bat erne 
Emschniirung an einer Stelle nicht so fem von der Mitte und ist 
ungefahr so lang wie ein Schenkel des X-Chromosoms. Ich bezeichne 
dieses Autosom bier mit dem Buchstaben a' zur Unterscbeidung von 
den iibngen gewohnlichen Autosomen (a). Dann ist die Cbromosomen- 
formel dieser Pflanzen, wie folgt: 15=X + 2Y + a' + 11 a. Das a'- 
Chromosom hjlbe ich bei der Kernteilung in den Archespor-, Tapeten- 
und Wurzelzellen und besonders klar bei der hombotypischen Teilung 
der Pollenmutter/ellen gefunden (Fig. 2 a-d). Bei der heterotypischen 
Teilung liesse sich em heteromorphes Paar erwarten, welches das a'- 
Chromosom mit einem gewohnlichen Autosom gebildel hat. Aber das 
kann in der Wirklicbkeit nicht beobachtet werden. JediK’h vverdon 
vier Arten von hombotypischen Kemplatten, deren Chromosomenformel 
(X + a'-l-5a), (2Y + 6a), (X + 6a) und (2Y4-a' + 5a) sein sollen, in 
den Pollenmutter/ellen in fast gleichcr Haufigkeit angetroffen (Fig. 
2 c. 2 d). 

In diesem Jahre (1929) babe ich einige Kreuzungen zwischen 
diesen Pflanzen und dem normalen Weibchen vorgenommen. Das 
kaiyologische Verhalten dieser Bastarde werde ich spater mitteilen. 

Im Freien habe ich einige eigentiimliche diploide weihlichc' Indivi- 
duen gefunden, deren Chromosomenformeln 14=2X + a'+lla, 14 = 
2X + 2a' + l()a (Fig. 11) oder 14=2X + Y + lla (Fig. 10) sind. 

TRIHLOIDE PFLANZE 

Die friihere Mitteilung von Ono und Shimotomai (1928) hat ge- 
zeigt, dass die im Freien gefundenen Intersexualpflanzen moistens 
triploid (22 = 2X + 2Y + 18 a) sind. Spater habe ich (Ono, 1928) auch 
eine triploide (21=3X + 18a) und weibliche Pflanze gefunden. Zu 
jener Zeit war unsere Analysierung der einzelnen Chromosomen- 
elemente dieser beiden Arten der triploiden Pflanzen, besonders mbezug 
auf die Autosomen ungeniigend. Deshalb habe ich sie an den neu 
hergestellten Praparaten nochmals ausgefuhrt. 

Beim 21-chromosomigen Individuum konnte ich 3 lange, zweischen- 
kelige XChromosomen und 18 gerade Autosomen mit je einem Kbpf- 
chen finden. Aber das oben erwahnte, zweischenkelige a'-Chromosom 
wurde niemals beobachtet (Fig. 13). Dieses Resultat stimmt also mit 



420 


T. ONO 


meiner friiheren Formel 21=3X + 18a uberein. 

Mein diesmaliges Ergebnis bei den 22-<.-hromosomigen Intersexuab 
pflanzen ist aber zum Teil etwas anders als das friihere. Bisher babe 
ich 28 Individuen untersucht. Daraus ziehe ich folgende Formeln : 


16 17 



Rumex Acetota. Fig. 16, 17. Nomiale 3n Intenexnal pflanzen (22=2X+2¥' 
•flSa) Fig. 18-20. Kombinattv anomiale 3 n Intersexuaipflanzen. Fig. I 9 . 22^= 
2X+3y+a'+16B. Fig 19, 20. 22 -2X+2Y+3a'+15a. Fig. 21. 4 n InteraeMial- 
pflanze (29«3X+2Y+24 a), x ca. 2000. 
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22=2X + 2Y+18a (18 Individuen) Fig. 16 u. 17 
22=2X + 2Y + a'4-17a (6 IndWiduen) Fig. 14 u. 15 

Der Intersexualitatsgrad der Individuen mit dem a'-Chromosom ist 
im allgemeinen starker als der der es nicht besitzenden Individuen. 

Unter den 22-chrom(»somigen Intersexualindividuen babe icb aus- 
serdem noch 4 andere Pflanzen mit abweichenden Chromosomen- 
elementen gefunden. Die Chromosomenformeln dieser Pflanzen sind 
vielleicht folgende : 

22 =*: 2X + 3Y + a' Hh 16 a (2 Individuen) Fig. 18 

22 = 2X + 2Y + 3a'4-15a (2 Individuen) Fig. 19 u. 20 

Die Chromosomenforinel d6s in Fig. 20 gezeigten Individuum-s ist 
etwas fraglich, weil die Unterscheidung des Chromosoms X und Y 
allerdings oft betrachtliche Schwierigkeiten macht. Diese Pflanzen 
zeigen aber verhaltnism^sig starice Intersexuaiitat. 

TETRAP1.0IDE PFLANZE 

Hierher gehbrt bisher nur ein Individuum. Die Chromost>menfonneI 
dieses Individuums ist schon als 29=3X + 2Y + 24 a angegebcn worden. 
Die diesmalige Untersuchung hat auch dasselbe Resultat gebracht. 
Und unter den Autosomen wurden me zweischenkelige a''Chromost)men 
gefunden (Fig. 21). Diese Pflanze zeigt mittlere Intersexuaiitat. 

NACHKOMMEN DER TRIPLOIDEN UND TETRAPLOIDEN 

Einige der oben erwahnten triploiden und tetraploiden Pflanzen 
sind ofters fertil. Icb babe allein im Jabre 1929 etwa 200 Nachkom- 
men gewonnen. Einige von ihnen babe icb zytologisch untersucht. 
Die festgestellten Chromosomenformeln sind folgende; 15 = X + 3Y + 
2a' + 9a (Fig. 12), 15=2X + 13u, 16=X + 2Y + 13a und 20=2X + 
Y+ 17 a. Weitere Ergebnisse der Untersuchungen in dieser Richtung 
werden in der Folge ausfiihrlich berichtet werden. 
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Embryological Shidies on Sarga$aum. 


Shumpei Inoh. 

(Biological Institute, TAboku Imperial University, Sendai.) 

(With 13 Text-figures) 

INTRODUCTION. 

Embryological studies on Sargassum, TuHnnaria {?), Cystophyllum 
and Coocophora, all members of Fucaceae, have recently been carried 
out by Tahara (1928, ’29) and Okabe (1929). The results of these 
authors appear to throw .some light on the systematic position of 
these algae. 

Among the genera above mentioned, Sargassum is the largest one. 
According to Yenixi’s monograph on Japanese Fucaceae (1907) we 
have 41 species of Sargassum on our coast. To our regret, however, 
hitherto only two species, S. Homeri and S. Thunbergii have been 
investigated embryologically. So, at the suggestion of Prof. Tahara 
further studies in this line on a fairly large number of species of 
Sargassum have been undertaken since the spring of last year. 

MATERIALS AND METHOD. 

As is well known, the liberation of sexual cells in Sargassum 
occurs simultaneously and periodically and, in most species, usually in 
the spring tide. The season of the ripening of sexual cells is different 
in each species, so I visited the Marine Biological Stations at Misaki 
and Asamushi several times from March to July to collect the materials 
for the study. TTie dates of oogonium liberations in the different 
species are shown in the following table: 
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Table I. 


Specific name 

Nom. Jap. 

Date of OoKoniiun 
liberation 

I.ocal.ty 

Sargastum Homen At:. 

Akatnoku 

March I6th 

Misaki 

., encroe Ao 

Hon-dawara 

March 16th and 
May 16th 


KjtUnumxaKum Yenoo 

Hahakt-moku 

March 18th and 
May 10th 


.. tortile A<. 

Yore-moku 

May »th 


,. pilulxferum A<. 

Mamc-tawara 

May 12th 


hemiphyllum A<.. 

liio-inoktt 

May lath 


.. ntgnfoltum Ac. 

Narasa-mo 

May l.-ilh 


conftuum Ac. 

Fushiauzi-moku 

May 30th 

Asamushi 

patens Ac. i 

Yataumata-molui 

June 20ih 

Miiaki 

Rtnggoldianum Harv ' 

Ooba-moku 

June 22th 


.. sermttfolium Ac. j 

Nokoicm-moku 

June 24th 


mtcracanthum (Kut^ ) 1 

Toge-moku 

July 7th 



llie days of new and full moon of last year are shown in Table 11. 


Table 11. 


Month 

March 

April 

May 

June 

July 

New moon 

11 

10 

9 

j 

7 

7 

Full moon 

Lllj 

24 

23 

22 

22 


From these tables, it will be seen that in each species the libera- 
tioD of sexual cells occurs generally in the spring tide. 

To make a study of the embryonal development, in the first place 
some small branches of those algae whidi carried many discharged 
eggs on the surface of their receptacles were cdlected and cultured 
in small glass basins filled with natural sea water. 

The discharged eggs remain attached to the outer surface of the 
receptacle for several days and begin to develop there. But before 
the rhizoid formation begins in the lower extremity of the embryos. 
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they are detached from the receptacles and fall to the bottom of the 
glass basin and further development continues in that condition. 

For the fixation of the embryos, Flemming’s weaker solution 
prepared with sea water was used exclusively, and the microtome 
sections, generally cut in 5-10 ft, were stained with safranin and light- 
green. 


OBSERVATION 

Eggs discharged from the conceptacle are generally ovoid or ellipsoid 
in shape and are covered with a thick layer of gelatinous substance. 
The first segmentation-wall runs transversely. The second one is also 
transverse and cuts a small lense-shaped rhizoid cell in the lower 
extremity of the embryo. 

The further segmentations of this rhizoid-cell are quite interesting 
and make a significant characteristic of each species. In the present 
paper particular attention is paid to this point. Detailed descrifition 
will be given below. 


PlJVNTS INVESTIGATED 

I. Sargassum hemiphyllum Ac. 

This plant is strictly dioeceous and receptacles of both sexes have 
a similar external appearance. They are small and cylindrical, generally- 
measuring about 2 mm. long, and ripen at Misaki about the middle 
of May. The discharged eggs measure 125/^ long and 105 wide. 

The first two segmentation walls in the rhizoid cell run vertically 
through the center of the cell and are perpendiculai- to each other. 
But the third goes quite irregularly. Some are parallel with the 
former ones, while some are oblique but without passing through the 
center, just as described in S. Thunberjpi by Tahara (1929) (Text- 
fig. 1), The rhizoid cell in the dght-cell stage is about 43 in 
diameter. Later a group of eight rhizoids is developed, one rhizoid 
bong developed in each cell. 
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Text-fig. 1 Sargasium hemtphyllum. a. Four cell stage of the rhizoid cell, 
b, Eight cell stage of the same c, Longitudinal section of the rhizoidal portion 
of an embryo d, The same in a still later stage y420 



Text-fig. 2. Cross section of a receptacle of 
Sargatsum Kjellmanianum. x72. 


II Sargassum Kjell- 
manianum Yendo. 

This plant is typically 
monoeceous. The male 
and female conceptacles 
are contained in the 
same cylindrical receptacle, 
which measures about 
10-12 mm. long (Text-fig. 
2). The receptacles ripen 
at Misaki generally from 
the middle of March to 
the latter part of April. 
The discharged eggs mea* 
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sure 139 A* long and 97 wide. 

The manner of embryonal development of this species is just the 
same as that of S. hemiphyllum. The rhizoid cell in the eight-cell 
stage is about 63/-< in diameter, that is, slightly larger than that of 
the former species. Rarely, the rhizoid cell of this plant is divided 
into nine or ten cells (Text-fig. 3. d), a feature perhaps suggesting 
that this species is higher in systematic position than the former one. 



Text-<ig. 3 Sargcutum Kjellmamanum a. Longitudinal section of the 
rhizoidal portion of an embryo b, The same in a still later stage C|, ((, cs. 
Eight cell stage of the roixoid cell, d, Kbizoid cell divided into ID cells. >c42() 


III. Sargassum confxtsum Ac. 

Dioeceous. Receptacles cylindrical, its entire length being 10-15 mm. 
in the male, and 7-10 mm. in the female. Germ-cell liberations occui- 
at Asamushi from the latter part of May to the middle of June. 
The discharged eggs measure 210 a* long and 140 a/ wide. 

The rhizoid cell is divided into eight (rarely nine or ten) cells, a.s 
in S. Kjellmanianum (Text-fig. 4), and measures, in this stage, about 
60 A* in diameter, that is, about the same as that of the former species. 

IV. Sargassum enerve Ac. • 

Dioeceous. The male receptacles are slender, often measuring 
18 mm. long, while the female ones are fatty, 13-15 mm. long. They 
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Text-fig 4. Sargassum ronfusum a, Ixtngitudinal section of the rhizoidal 
portion of an embryo b,, bj, b». Eight cell stage of the rhizoid cell c, Rhizoid 
cell divided into nine cells y420 



Text-fig. 5 Sargattum entree, a. Longitudinal section of the rhzoidal por- 
tion in the sixteen cell stage, h. The same in a still later stage, c. Eight cell 
stage of the rhizoid cell, d, Sixteen cell stage of the same. x420. 
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ripen at Misaki from the beginning of January to the latter part of 
April. The discharged eggs measure 250 ft long and 235/^ wide, 
about twice as large as the ones of S. hemiphyllum. 

The rhizoid cdl division of this species differs from that in the 
foregoing ones. At first it divides into eight cells, nothing unusual 
up to this stage. But then each of these eight cells divides once 
more and sixteen cells are produced, as shown in Fig. 5, and the 
rhizoid formation begins in this stage. The rhizoid cell of the 16-cell 
stage measures about 75 p in diameter. 

Later, a group of sixteen rhizoids is developed at one extremity 
of the embryo ; rhizoids which have no direct relation to the rhizoid 
cell can not been, at least in the early stage of development. 

V. Sargassum piluliferum Ac. 

Dioeceous. Receptach's small, cylindrical, measuring 3-8 mm. long ; 
the male ones slightly longer than the female. Ripen at Misaki about 
May The rhizoid cell is divided into sixteen cells as in the former 
one and measures, m this stage, about 72 /< in diameter. 

The fourth division of the rhizoid cell of this species is sometimes 
omitted in 3 or 4 cells, thus pniducing only 12 or 13 cells in the 
final stage (Text-fig. 6. b, c) 



Text-fig. 6 . Sarga MUm piMtferum. a. Eight cell stage of the rhizoid ceil, 
b, c, Rhizoid cell divided into only twelve and thirteen cells. X42(). 


VI. SargBssum patens Ac. 

Dioeceous. Receptacles linear, simple or sometimes divided, mea- 
suring 5-7 mm. long. Ripen gt Misaki about June. The discharged 
eggs measure 218 A long, 177 Stride. The rhizoid ceil is divided 
into sixteen cells and measives, ka this stage, 67 in diameter. 
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The fourth division of the rhizoid cell is omitted sometimes in *3 
or 4 cdls, as in the former species (Text-fig. 7. di, dj). The fourth 



Text-fig. 7. Sargattum patetu. a. Longitudinal section of an embryo, b. 
The rhizoidal portion in a still later stage, c. Sixteen cell stage of the rhizoid 
cell, di, ds, Rhizoid cell divided into only twelve cells, e, Two-storied cell 
arrangement in the rhizoidal portion, f. The same in a still later stage. X 420. 
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division is, however, occasionally carried out parallel to the outer 
surface, forming, as a result, a two-storied cell arrangement in the 
rhizoidal portion, as seen in Cystophyllum aisymbrioides (Okabe 1929) 
(Text-fig. 7. e). 

Vll. Sargassum RinggolcUanutn Harv. 

Dioeceous. Receptacles differ greatly in external shape according 
to sex. The male receptacles are linearspathulate, measuring 5 cm. 
long and 7 mm. wide, while the female ones are compressed siliquae- 
form, measuring 11mm. long and 3 mm. wide. Germ-cell liberations 
occur at Misaki from the latter part of June to the middle of July. 
The discharged eggs measure about 222 long, 135 /■» wide. The 



Text-fig. 8, Sargaasum RinggolSanum a, e. Longitudinal section of the 
rhitoidal portion, b, The same in a atill later stage, c. Sixteen cell stage of 
the ihizoid cell, d, Rhixoid cell divided into 17 cells. x420. 
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rhizoid cell is divided into sixteen cells and measures, in this stage, 
about 75 in diameter (Text-fig. 8). 

It is noteworthy that in this species one or two of the sixteen 
cells are rarely divided once more and 17 or 18 cells are produced, 
as shown in Fig. 8. d. 

VIII. Sargasmm ruffrifolium Yendo. 

Dioeceous. Receptacles spathulate or subcuneate, with a few 
dentations at the apex, often measuring 7 mm. long and 5 mm. wide. 
They ripen at Misaki about May. The discharged eggs measure 
264 long and 236 ft wide. 

Unfortunately, owing to the failure of the culture, only a very 
few embryos were available and the exact manner of cell division of 
the rhizoid cell could not be ascertained in this plant. But I suppose* 
it may be the same as found in S. merve, for about 16 rhizoids were 
counted in the lower extremity of the embryo. 

IX. Sargassum serrattfohum Ao. 

Dioeceous. Receptacles complanated, spathulate-clavate, often 
measuring 10-15 mm. long. They ripen at Misaki in June. The 
discharged eggs measure 275 fit long and 202 /t wide. The rhizoid 
cell is divided into sixteen cells and measures, in this stage, about 
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90/« in diameter (Text-fig. 9). 

X. Sargassum tortile Ac. 

Dioeceous. Receptacles linear-spathulate, often measuring 10-15 mm. 
long and ripening at Misaki from April to May. The discharged eggs 
measure 33^1 /i long and 
236 wide. The rhizoid 
cell is divided also into 
16 cells and measures, m 
this stage, 100/^ in dia- 
meter (Text-fig. 10). 

XI. Sargassum micro- 
canthum (Kurz.) 

Dioeceous. Receptac- 
les obovate, the apical 
margin minutely toothed. 

They ripen at Misaki 
from June to July. The 
egg of this plant is the 
largest in Sargassum, often 
measuring long and 
275/^ wide. 

When I went to Mi- 
saki, it was too late to t . c <a c- . . i i . j 

’ Text-fig 10. Sargassum tortiU a, Longitudi- 

collect sufficient material section of the rhucoidal portion b. Sixteen 

for observation and 1 cell atage of the rhizoid cell. x420 
could not examine the 

manner of the rhizoid cell divi^n or the number of rhizoids produced 
in young embryos. 

XII. Sargassum Homeri Ag. 

Ute embryological study of this plant has been carried out already 
by Tahara. My own observation at Misaki entirely coincides with his. 

Hie root of litis plant, differing from that of other species, is 
scutdlate, irregularly lobed on the margin. Also dioeceous The 
large female receptacles are cylindrical, often measuring 20-30 mm. 
and the male ones are two or three times longer than the female. 
They ripen at Misaki from January to April The discharged eggs 
measure 264 long and 198 /» wide. 
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As Tahaka describes, 
through three successive 
divisions the rhizoid cell is 
divided into eight radially' 
arranged cells and at this 
stage rhizoid formation be- 
gins. At first, eight rhizoids 
originating from the rhi- 
zoid cell are observed, but 
soon another group of rhi- 
zoids developed from the 
ceils adjacent to the rhizoid 
cells are seen. This group 
of rhizoids protrudes outward 
through the central crevice 
among the group of primary 
rhizoids (Text-fig. 11). 

DISCUSSION AND CONCLUSION. 

From the re.sults above described, the rhizoid formation in Sar- 
gassum will be divided into three types; namely irregular eight-cell 
type, sixteen-cell type, and radial eight-cell type. 

i) Irregular eight-cell type. 

In this type the rhizoid cell is divided into eight irregularly 
arranged cells. Later a group of eight rhizoids is developed at one 
extremity of the young embryo. S. Thunbergii, S. hemiphyllum, S. 
Kjellmanianum and S. confusum belong to this type. 

ii) Sixteen-cell type. 

In this type the rhizoid cell is divided into sixteen irregularly 
arranged cells. Later a group of sfacteen rhizoids is developed at 
the lower extremity of .the young embryo. S. pUatiferum, S. patens, 
S. enerve, S. Ringgoldianum, S. tortile and S. serratifolium belong to 
this type. 

Hi) Radial eight-cell type. 

In this type the rhizoid cell is divided into eight radially arranged 
cells. In addition to the eight rhizoids originating from the rhizoid 



Text-fij} 11. Sareauntm Hnrnen, Rhizoid 
cell divided into eight radiately arranged 
cell! X500 
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Text-fig. 12. Young embi^* having developed their primary rhi- 
zoida; 1, SorgiiMUM AemvAyUiMi. 2, Sargnusum confusum ( x 196 )l 
3, Sarsa$t»m anerw (x 170), 4, Sargaatum patens (x262). 
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cell, another group of rhizoids which are produced fronri the cells 
situated just behind the rhizoid cell are seen in the early stage of 
embryonal development. Only S. Homeri belongs to this type. 

The plants belonging to the first type, for example S. hemiphyllum, 
S. Thunbergii and S. Kjdlmanianum, generally have a filiform leaf 
attached to the base of the stipe of the receptacle. It seems to me 
that this is a feature common to all species of the first type. Further, 
it may be mentioned that in general the species belonging to the 
irregular 8-celi type are much smaller in stature and grow on rocks 
near to the low-tide mark or in slightly deeper places. 

S. patens and S. piluliferum, which in embryonal rhizoid formation 
show an intermediate form between the first and the second type, have 
in the upper portion also linear or filiform receptacular leaves. 

S. Homeri, which belongs to the third tytie, has a number of 
peculiar characteristics. The peculiar scutellale root, irregularly lobed 
on the margin (Yendo, Okamuka 1907, ’23), is quite unique. This 
kind of root can not be found in any other species examined. Fur- 
thermore, 5. Homeri has exceptionally large receptacles, as already 
mentioned. By some algologists this species is placed under the subgen. 
Bacterophycus, with S. enerve, S. serratifolium and S. tortile. But 
it seems to me that this alga should be displaced to the other 
systematic position. 

The size of the discharged eggs of each species is differtnt. It 
seems to me that the algae having larger eggs are higher in syste- 
matic position. Data concerning this point are given in the Table 
III. 

As we see from the table, there is a remarkable difference in 
the size of the eggs. Generally spring, the eggs of the 16-cell 
type are much larger than those of the irregular 8-cell type. The 
average area of the primary rhizoid cell in the former is about twice 
that of the latter. It may be worth mentioning here that the primary 
rhizoid cell of the eggs of Cystophyllum sisymbfioidps, which, as 
Okabe’s recent studies have shown, can be called a 32-cell type, is 
twice as large as that of the average eggs of the 16-cell type. Thus 
it is apparent that the number of liiizoids to be developed in the 
early stage of embryo-formation has a definite relation to the size 
of the primary riiizoid cell. 
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Table 111, 


Specific name 


Short axis 

Diameter 
of rhizoid 
cell 

Type 

Sargassum hemtphyllum Ac 

ISSp 

106 1* 

4.3 |x 

irreg. 8-cell tv|)e 

,, Kjellmantanum Yendo 

ise 

07 

68 


,, eonfusum Ac 

310 

140 

64 


„ patens Ac 

218 

177 

67 

le-cell type 

.. ptlultferum Ac 

m 

110 

72 


„ enerve Ac 

250 

2S6 

1 76 


.. Ringgoldtanum Hakv. 

222 

168 

76 


serratifnltum Ac 

27B 

202 

00 


tortile Ac 


236 

100 


nignfoltum Yenim 

264 

2.36 j 

— 


,, Homert Ac. 

264 

108 i 

8.3 

|radial 8-cell t\pe 

.. micracanthum (KOTr.) 

.384 

276 i 

~ 

1 ’ 

Cystophyllum stsymbnotdes Ac 

.312 1 

220 

120 

.32-cell type 


In my opinion, the species, eggs of which are relatively larger, 
should be placed in a higher systematic position. TTius the most 
primitive species in Sargassum Is to be found in the group of the 
irregular eight-cell type, Cystophyllum, which perhaps may have 
descended from a Sargassum of the 16-cell type has, so far as examined, 
still larger eggs than any species of Sargassum of the 16-cell type 
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and should rightly be placed in a higher systematic position than 
Sargaasum. 

In Turbinaria (?) fusiformia, which some algologists think should 
be placed under Sargaasum, the rhizoid formation (Tahara ’29) 
resembles closely that of the irregular 8-cell type, ^ this opinion 
appears to receive an affirmation from the embryoiogical studies. 

SUMMARY. 

i) The manner of the rhizoid formation in Sargaasum is divided 
into three types ; irregular 8-cell type, 16-cell type, and radial 
8-cell type. 

ii) The rhizoid number in Sargaasum and Cyatophyllum has a definite 
relation to the size of the primary rhizoid cell. 

iii) The species having larger eggs are higher in systematic position. 

In conclusion, 1 wish to express my hearty thanks to Professor, 
M. Tahara for his valuable suggestions and assistance given me 
during the progress of this work, and to Dr. K. Okamura, Director 
of the Imperial Fisheries Institute, for his help in the identification 
of my materials, and to Prof. Yatsu, Director of the Misaki Marine 
Biological Station, through whose kindness many facilities were afforded 
in the course of my investigations. 
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On the Body Temperature of the Earthworm. 
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Hojik Kim. 

^Biological Institute, T6hoku Imperial University, Sendai, Japan). 

(With 1 Text figure.) 

INTRODUCTION. 

In these homoiothermic animals is developed a delicate regulatory 
ability to the changes of an environmental temperature, and by that 
means their proper body temperature is always constantly maintained 
regardless of its wider variation. 

On the contrary there are so-called poikilothermic animals in which 
the body temperature fluctuates as the environmental temperature 
varies. It is usually stated by many authors that in poikilotherms, 
their body temperature in most ca.ses is more or less higher than 
that of their environment. 

John Hunter (1837) who first measured the body temperature 
of the earthworm, states that the temperature of the worm was 
14.7*C. when that of the environment was 13.3’C. His determination, 
like that of most other investigators at that period, was made by a 
mercury thermometer. 

Recently Rogers and Lewis (1914 and 1916) earned out a series 
of observations on the body temparature of earthworms by using the 
most accurate method of thermometry, the thermoelectric thermometer 
which was capable of resistering a difference of 0.0042‘C., and found 
that the body temperature of the earthworm approximates closely to 
that of its environment. 

As far as I am aware, most investigators have observed the 
regulatory ability of the body to the surrounding temperature in very 
narrow range and indeed even in Roger’s work it was determined 
when the earthworms were subjeated to the temperature at between 
16.10’ and 22.15-C. 

It seems therefore highly desirable to have a more adequate 
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understanding of the physiological nature of poikilotherms, and data 
on the 'adjustment of body temperature in a wider range, including 
critical temperatures compatible with life. 

In this point of view, the present investigation was undertaken to 
determine the ability of the adjustment on body temperature within 
a wide temperature range, by means of the thermoelement, as will 
be described in the following pages. 

Particular thanks are due to Prof. Dr. S. Hatai for his kind 
direction in preparation of this work, and also to many others in this 
Institute who helped me in many ways while the work was progressing. 

APPARATUS AND METHOD. 

It is a well known fact that a thermal electric current is developed 
when the junctions of different metal wires of a common circuit are 
not at the same temperature, and that it is approximatly proportlbnal 
to the difference of the temperature of the junctions. 

This principle was applied first by Male von Nobiu and Meixoni 
in 1881 to living animals (e. g. larva, pujia and imago of an Insect). 

Since that time more highly sensitive galvanometers provided with 
pure metallic wires of small diameter, and of small heat capacity 
came in to use. Rogers and Lewis, applying such a method of 
temperature measurement as just stated to living poikilotbermic 
animals, such as goldfish, salamanders, anadonta and earthworms, 
were able to detect so minute a temperature difference as two thou- 
sandths of a degree of Celsius in contrast with a given surrounding 
temperature. 

I shall briefly describe the method which was employed in my 
work : 

(1) Thermoelement . — The thermoelements used were d-junction 
thermoelements, and consisted in double silk covered copper wire of 
No. 36 B. S. and No. 36 B.S. constantan wire. , 

The constantan wire was insulated by covering it with thin dastk 
paper (like tracing paper), at first, and then immersing it into melted 
yellow wax tdl abswbed well. As soon as the wax was dried, it was 
varnished with white enamel and hung for a couple of days or moro 
in the comer of the Laboratory room, until it became com{d^dy 
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dried. Both the copper and constantan wires were carefully shellacked. 
In making the thermoelements 1 followed the method of White. The 
two kinds of wires were uncovered for a short distance (about 1 cm.), 
were twisted together at the ends, and after being polished well with 
rosin, were dipped into melted solder. All trace of shellack must be 
completely removed in order to make the ends sexisitive even for a 
very small magnitude of heat. 

Four junctions were connected with a common galvanometer circuit, 
and two junctions were each enclosed in a glass tube whose diameter 
was just large enough to contain it ; that is, one end of a glass tube, 
15 cm. long and 8 mm. in diameter, was narrowed by heating on the 
Bunsen burner to 3 mm. in diameter and about 4 cm. long, and the 
tip was sealed. 

This tube thus stretched was gently curved (about 130*) at the 
point where the narrowing began, in order to be pushed mto the 
anal or buccal opening of the earthworms conveniently. To this bent 
tube thus prepared the two wires were sealed and the open end was 
closed with wax in order to prevent the entrance of any water while 
manipulating. 

The four junctions of the element sealed in the two glass tubes 
were connected directly to the galvanometer. When the thermoele- 
ment was not in use it was kept as much as possible at the same 
temperature. 

I adjusted my apparatus in such a way that a change of one 
degree corresponded to a deflection of 100 mm. on the scale at a 
distance of 0.7 m. from the mirror to the scale. Since we can read 
a half of one mm. in the scale division, we are able to determine 
the difference of as small an amount as 0.002*C. 

This thermal difference of 0.002* corresponds to 0.83 microvolt, which 
was determined by Tjrpe K potentiometer of Leads and Northrup Co. 

Since the actual amount of detection varies lightly daily, it was 
necessary for me to re-determine its actual value each day. 

The parasitic current in the circuit was detected from the amount 
of deflection from the zero point by attaching the junctions together 
in the thermostat and if it w^ too large to effect the result, the 
observation was suspended until the galvanometer registered the usual 
zero point. 
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(2) Galvanometer. — The galvanometer used was the table type 
o£ D’Alsonval made by Leads and Northrup Co., and the constants 
of the galvanometer were as follow : 

Sensitivity 93 megohms 

Resistance 115 ohms 

Period 7 seconds. 

The galvanometer was placed on the stone table so as to be freed 
from the vibration from without. 

The deflection readings were taken with lamp and scale (which 
divided into 1 mm.), at a distance of 0.7 m. from the mirror of the 
galvanometer and the scale. 

(3) Thermostat. — The thermostat was provided with an electric 
lamp heater, electric thermoregulator and fan and motor. In the 
thermostat was placed a dish of 18 cm. diameter, for holding the 
earthworm. 

(4) Procedure of the thermometry. — It is very simple, indeed, to 
measure the difference between the body temperature of the earth- 
worm and the environment 

The two junctions of the element are immersed into the water of 
constant temperature in the dish which is later placed in the thermo- 
stat, and are allowed to remain until deflection stops. This point of 
standstill is taken for the zero jioint of the scale for the experiment. 
For further control the temperature of water in the dish was also 
recorded by a certified normal thermometer. 

Immediately after the zero point determined the one junction was 
pushed into the anal opening (2.5 cm. deeii) and the resulting deflection 
was recorded. 

The amount of deflection due to the insertion of the junction into 
the alimentary canal of the earthworms gives at once the temperature 
difference between the two characters under consideration, A single 
observation was accomplished within 5 minutes, as the temperature 
of water can not be kept absolutdy constant beyond tjiis period. 

For the purixise of comparision, the same procedure was applied 
to dead as well as to decapitated specimens. 

MATERIALS. 

The materials used were Pheretima megascolidioides (Goto & 
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Hatai), and were collected chiefly in the vicinity of the city of 
Imaharu in Shikoku, though these are commonly found in Japan. 
Some of the materials were collected in the neighbourhood of Naga- 
marhi in Sendai. 

Though we have abundant earthworms of other forms, for example, 
Ph. comminissima, Ph. vittata etc., which are easily collected near 
Sendai, Ph. megascolidioides was chosen on account of its larger size, 
slow movement and best of all the fact that they do not exihibit the 
usual jumping or twisting movement when the junction is inserted 
into the alimentary tract but remain quiet. The materials collected 
from Shikoku and Sendai were kept in a big wooden tub into which 
earth was filled. The specimens used were ajijiarently adult forms 
possessing well developed chtellum ; the worms weighed from 8 to 9 
gramms and measured from 8 to 10 mm. in diameter in the clitellar 
region. I also used the other common species of earthworm, Ph. 
comminissima, but I could not find any noticeable difference in the 
response from that of Ph. megascolidioides, and unless otherwise 
stated the following statements apply solely to the observations made 
on the latter species. 


RESULT.S OBTAINED 

'fhe observations were made on specimens of a nearly identical 
body weight of about 6 gramms. There were vigorous and fully 
matured, as can be judged from the possession of a clitellum, and 
the materials were collected in Spring and Autumn m the vicinity of 
the city Imaharu, Southern Japan. 

In all cases the worms were kept m ordinary tap water and unless 
otherwise stated the temperature difference means the differences 
between the body and tap water. 

The observations were continued from Sept. 2 up to Nov. 6 and 
I have also recorded the condition of the weather and the room 
temperature as well as the body weight of each specimen. While 
the experiment was going on, if the worm exhibited a sign of weak- 
ness, it was immediately discarded ; that is, vigorous specimens alone 
were used. 

The total of 194 observations made on 57 normal specimens are 
given in Table 1. 



Table 1. Showing the amount of departure of the body temperature 
from that of the medium in normal specimens. 



»ts tile frequency of departure of the body temperature 
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Temperetur** of bath in ‘C. 


Fix- 1- Based on Table 1 The oidinate indicates the amount of 
departure of the body temperature, and the abscissa the temperature 
of the bath 


As will be seen in Table 1, and Fig. 1. the earthworms adjust their 
body temperature to that of the medium quickly and regularly when 
the temperature of the later ranges from 16" to 23"C. while beyond 
23"C. or between 24^36"C. the adjustment of the body temperature 
to the medium becomes slower and more irregular as it rises. Indeed,^ 
at the lowOT range of temperature adjustment takes place within 3 
min. while at a higher temperature range it requires more than 4 min. 
Furthermore in the majority of cases a permanent deference between 
the temperature of the body and of the medium, though higher, is 
cleariy shown. It thus appears that the earthworm is able to adjust 
its body temperature to that of the surrounding mednim quickly and 
doaely within the range between 16*-23"C. and the amount of de- 
parture which exists does not much exceed 0.005“C., but is usually 
much lew than value. 

The small data so far obtained indicate that even below 16° to 
12X}. the worms respond in nearly the same way as those at 16°- 
E3X3. ; that is wWj a quidt and regular adjustment of one to the other. 

1 tested the power of resistance of the earthworms in tapwater 



446 


H. KIM 


at temperatures ranging from 15.5“C. A specimen of 13 gramms 
body weight survived as long as 22 days, while another specimen 
having 6 gramms body weight survived 6 days at about G'C. 

There is an indication that the worm can survive longer at a 
lower temperature, as another used showed a survival of 12 days at 
from 7* to 13°C. 

In general the thermal responses of the earthworms narcotized 
with 0.5 9^ Chloreton at 18.2°C. or even dead specimens (not nar- 
cotized) require a longer period before the temperature reading of 
both the external medium and the inside of the worm become iden- 
tical ; 1 . e., over 4 minutes, as a rule, instead of within 3 minutes as 
in the normal healthy worms. 

Lower and Upj>er Fatal Temperature. — At -0.8°C. the earthworms 
can move very slowly, but at •-2.3”C. the entire body of the worm 
freezes within 63 sec. (taken by .stoji-watch). If .such frozen worms 
arc suddenly ex[)osed to the room temperature (14.5°C.) they move 
round vigorously within 3 minutes. At -2.3°C. the worms can survive 
so as to carry on three observations without difficulty. At -11.3°C. 
the worm freezes within 12 sec. and in no instances was revival noted 
after once being frozen at this temperature, even if transfered im- 
mediately to the room temperature. The above observations were 
taken in 13 specimens which body weight of 5 gramms on the average. 

At 32°C. the earthworms are usually torpified within 47 minutes 
“(the thermal response at this temperature is given in Table 1.), and 
at 37°C. are torpified within 1.5 minutes. And when these are 
removed to the room temperature (14°C.) revival takes place within 
2 minutes. At GTC. the earlhwoi-ms are torpified within 17 seconds 
and no recovery takes place after return to the room temperature. 
The above observations at higher temperatures were taken from 34 
specimens having body weight of 6 gramms on the average. 

It was found that sudden removal of the anterior segments pro- 
duces little or no difference in body temperatuiie" compared with the 
temperature indicated immediately before its decapitation, though in 
a few instances an elevation of body temperature amounting to some 
0.002°C. was noted, but it soon returned to the former level. Thus 
the decapitated specimens also behave similarly to the intact specimen 
in so far as the ability of adjusting the body temperature to that of 
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the surroundings is concerned. This seems to indicate that the tem- 
perature regulation of body is not controled by the higher nervous 
center or brain. 

From these various reactions, it seems safe to say that within the 
temperature range of from 6° to 23°C. the earthworm can perform 
a normal life process. 

Vernon (1897) found that the CO* output of cold-blooded animals 
shows but slight increase on warming newts or earthworms (L. ter- 
restris) from 10° to 22.5'C. The observation of Vernon seems to 
agree with my own above result. 

And also my results agree closely with Hatai's observations (1922) 
referring to the effect of heat on the rhythmic contractions of earth- 
worms ; i, e., he noted that the normal from until the temperature 
reached 23*C., but over this jxiint the form of contraction alters 
suddenly. 

Beyond 2'1°C. the temperature difference between the body and 
medium enhances and at 32° and 33°C. it shows the maximum differ- 
ence. Over 33°C. the difference rather diminishes than increases. 

When the temperature rises, the mechanical response of earthworms 
is altered remarkably, owing probably to the heightened muscle tone. 
Somewhat increased heat iiroduciion dut* to such abnormal muscle 
contraction is either dissipated instantly or it may remain temporarily 
in the muscle, giving an increased heat value in the body over that 
in the medium. In other words, the ability in regulating the body 
temperature to that of the surroundings steadly decreases as the 
temperature rises beyond 24°C. 

CONCLUSION. 

(1) The body temperature of the earthwoims is promptly adju.sted 
to that of the surrounding medium within the temperature range of 
from 6° to 23°C., while beyond 24'C. its ability of regulation steadily 
and progressively decreases as the temperature rises. 

(2) The regulation of the body temjjerature of earthworms s 
little influenced by the nervous center or brain. 

(3) It seems that in the earthworm the ability of keeping its 

proper body temperature against unsuitable environmental temperature 
in water is little developed. Dec. 1929 
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IKstribution of the Intennuscular Nerve CeHs 
in the Earthwonn. 


By 

Du-Hven Zyeno. I 

Biological Institute, T6hoku Imperial University, Sendai, Japan 
(With 8 Tcxt-ligiires ) 

INTRODUCTION. 

In this work I desired to determine the number and distribution 
of the so-cafled “ intermu.scular nerve cells ” in the earthworm and 
to furnish data for interpreting the physiological significance of these 
cells from their numerical relations. 

The presence of the intermuscular nerve cells of the earthworm 
has been noted by several investigators and mentioned incidentally in 
several papers on the central and peripheral nervous systems of this 
animal. Recently Dawson (’20) described in detail the shajie, size 
and situation of these ceUs in Allolobopbora caligmosa and A. foctida 
but the number as well as the distribution of these cells was not stated. 

According to Daw.son, the intermuscular nerve cells are the scat- 
tered nerve cells, probably vestiges of the primitive nerve net of lower 
invertebrates. 

It is generally accepted that the diffuse peripheral nervous system 
of the lower invertebrates was transformed into the centralized deep- 
lying system of the heigher invertebrates and vertebrates (Parker, 
’19, pp. 204-205) and, therefore, the distributional arrangement of 
diese cells may give us some hints on the functional explanation of 
these cells. 


MATERIALS AND METHOD. 

The materials used for the present wwk were three species of 
Phentinm : ixmmmissma (Goto and Hatai), Ph. megascolidioides 

(Goto and Hatai) and /%, vittfOa (Goto and Hatai), and one ^lecies 
of AUalobopham : A foetida (Sav.). These species are found in 
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abundance in northern Japan. They were collected at Sendai during 
July and August, in which period most of these animals are matured. 
I have used the matured animals alone and paid attention in my 
investigation to the three following points. 

1. The distribution of the intermuscular nerve cells in the four 
regions, head, clitellum, middle and tail region of Ph. communissima, 
in order to gain a general notion as to the distributional arrangement 
on the whole body. 

2. The distribution of these cells in the middle region of the 
three species of Pheretima: Ph. communissima, Ph. megascoltdioides 
and Ph. vittata, in order to determine the similarity or dissimilarity 
the manner of distribution in different species of the same genus. 

3. The distribution of these cells in the middle region of A. 
foelida for the pur|K>se of comparing its arrangement between the 
two different genera. 

After being fed with filter paper for several days to discharge 
the earth from the digestive canal, the worm was narcotized for a 
few minutes in a solution of 0.1?^ chloretone. The entire specimen 
was fixed in acetic-sublimate solution (Saturated sublimate 100 parts 
and glacial acetic acid 5 parts) for three hours, and washed in running 
water for about 6 hours. The remaining sublimate was removed with 
iodin-tincture, and then washed in running water for about 6 hours 
again. After the washing, the necessary parts were removed from 
the body and, after being embedded in paraffin in the ordinary 
method, were cut 10 micra thick in serial sections. It was found 
from preliminary tests that the section of 10 ft thickness is convenient 
for distinguishing and counting the nerve cells. The sections were 
stained first with Delafield’s Haematoxyiin followed by an aqueous 
solution of Eosin. 

THE SHAPE OF THE INTERMUSCULAR NERVE CELLS. 

From their external shapes these cells may be grouped into five 
types, i. e. spindle shaped bipolar cells (Fig. 1), crescent-shaped bipolar 
cells (Fig. 2. A), tripolar cells (Fig. 2. B), long, slender, pyramidal, 
or spindle shaped cells (Fig. 2. C) and multipolar cells (Fig. 2. D). 
Of these five types the first four have already been described by 
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A 



B 



D 

Fig. 2. A. Crescent-shaped bipolar cell. B. Tripolar cell 
C Long, slender, pyramidal, or spindle shaped cell D. multipolar 
cell X 700. 



Fig. 3. Particular typed bipolar cell. c.mu., circular muscles; 
cut., cuticula; epid., epidermis; l.mu., longitudinal muscles; p.bc., 
particular ty;^ bipolar cell. x700. 
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Dawson (’20). The number of bipolar cells is greatly in excess of 
the number of other forms. In A. foetida many spindle shaped 
bipolar cells different from those just mentioned in the above are 
found (Fig. 3). 

THE SITUATION OF THE INTERMUSCULAR NERVE CELLS. 

These cells are present either between the longitudinal and circular 
muscle layers or between the epidermis and circular muscle layer, and 
even, sometimes, within the circular muscle layer. In the three species 
of Pheretima these cells are found mainly between the longitudinal 
and circular muscle layers, and rarely in the two other regions men- 
tioned above. In A. foetida the particular spindle shaped bipolar 
cells are abundantly found within the circular muscle layer near the 
epidermis and especially between the epidermis and circular muscle 
layer. 

THE DISTRIDUTION OF THE INTERMUSCULAR NERVE CELLS 

It is obv!ou.s that in order to understand the manner of distribu- 
tion of these intermuscular neive cells along the entire body of the 
earthworm, th(> preparation of complete serial sections is required, 
but at the same it is equally obvious that such procedure can not 
be easily practiced, especially when several worms with considerably 
elongated bodies are to be compared. As a consequence, I have 
prepared complete serial sections of one segment each from the four 
different parts of the body and counted the total number of cells 
contained in those segments. At the same time I have examined the 
entire serial sections which were prepared from Ph. vittata and also 
the serial sections made from more than one half of the entire body 
of Ph. megascohdioides and have gained a strong impression that the 
manner of disti'ibution of these cells along the entire body axis is 
very similar with an exception of sdight tendency of gradual reduction 
in the frequency of occurrence of these cells antero-posteribrly. 

The actual counting of the cells in the segments chosen shows 
that, in Ph. communissima (Table I and Charts 1 & 2), certain in- 
dividuals have the cells more concentrated both in the head and the 
tail regions, while other individuals show no such regional concentratkm 
but are nearly the same in all four regions examined. On the parts 
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near the setae and in the intertnuscular regions apart from the nerve 
ring there are vary few. The number of these cells within one 
segment tends to decrease toward the tail (Table II and Chart 3). 


Middle region (XLV) 



No of sections per segment 

Chart 1 Based on Table 1 and shows the distribution of tlie intermuscular 
nerve cells in the four regions of the body of Ph communtssttiui (1st individual) 


Chart 2. 

Tail region (XCVIII) 



0 10 20 30 40 60 60 70 80 90 100110 120180 140160 160170180100 200 210 220 
No. of sections per segment. 

Chart 2. Based on Table I and ^ws the distribution of the intermuscular 
nerve cells in the four regions of the body (rf Ph. communanma (2itd individual). 
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Table II. 


Situation of segment 


No of 
individuals 

Head region 

Clitellum region 

Middle region 

Tail region 


no. of nerve cells 

no of nerve cells 

no. of nerve cells 

no. of nerve cells 


per segment 

per segment 

per segment 

^r segment 

1 

49 


60 

36 

2 1 

41 

j 60 

44 

34 

Average j 

46 

j 47.6 

47 

36 


Chart 3. 


™l 

60 



.1 ^ 10 20 ,30 40 60 60 70 80 90 100 

Regions of the body. 

i <i^T Zll"" 

Head region Clilellum region Middle region Tail region 

(III) (XIV) (XLVII) (XCIII) 

Chart 3. Based on Table U and shows the decreose in the number of 
the intermuscular nerve cells toward the tail in Ph communtsstma. 

I have counted the total number of cells contained in one segment 
in the middle region of the body of the three species of Pheretima 
and have also determined the manner of distribution. As will be 
seen from Tables III & IV and Chart 4 there are no differences in 
the manner of distributbn though there is a difference in the number 
of cells contained. Pk. tnegascolidioides has the largest number (52.5), 
Ph. communissima next (47) to it and Ph. vittata has the least (36). 
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Name of 

species 
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Allolobophora foettda 
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'’CK jof seK of sen of scg ;of seg , 


Situation <tf seg Situation of seg. 


r 5^!^ a§' 
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Name of species | 

No of 

Ph. megascolultatdes 

Ph commumssxmc 

Ph. vittata 


no of nerve celis 
per segment in 
middle region 

no of nerve cells 
pel segment in 
middle region 

no. of nerve cells 
pdr segment m 
middle region 

1 

68 

60 

40 

2 

47 

44 

82 

Average 

62.6 

47 

36 
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Chart 4. 

Middle region (XLVIl) of A. foettda (let individual) 

10 

0 

Middle region (XLVIl) of A. foettda (2nd individual) 




Middle region (LII) of Ph vUtata (1st individual) 




Middle region (XLVIIIl of Ph eommunastma (2nd individual) 



0 10 30 SO 40 no GO 70 80 90 100110 120180140 160160 170180190 


No. of sections per segment. 

B Ordinaty typed cells. | Particular typed cells. 

Chart 4. Based on Table III' and shows the distriliutional arrangement 
of the intermuscular nerve cells in the middle region of the body of the three 
species of Pheretima (,Ph. eominumuima, Ph megatcolidtotdei and Ph vittata) 
and one species of AUalobophora {A foeltdaX 
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^ Ph vittala 
i! Ph communtaaima 
gi Ph megiucoltdwides 
B A foeUda (ordinary typed cells) 

W/, A foetida (particular typed cells). 

Cfiart 5 Based on Table V and shows the 
companson of the number of the intermuscular 
nerve cells in the middle region of the body 
among the three species of Pherehma {Ph am- 
mumsstma, Ph. maKoscohdundes and Ph. mttala) 
and one species of Altolobophora (^4. foetida). 


A. foetida shows that 
the number of ordinary 
typed cells (134.5) is very 
similar to that found in 
the three species of Phere- 
ttma, but the particular 
typed cells are much more 
numerous (219.5) (Tables 
III & V and Charts 4 
& 5). 

From the fact that the 
intermuscular nerve cells 
show no different grade 
of concentration m the 
different parts of the body, 
and since they are so few 
in number, we may be 
safe to conclude that 
these cells probably play 
no important functional 
role. 

If it were granted 
that these cells are ves- 
tiges of the primitive 
nerve net of lower in- 
vertebrates as Dawson 
claims, the nervous system 
of A. foetida is more 
primitive in its evolution 
than that of the species 
belonging to the genus 
PhAretimai 
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Table V. 




Name of species 



No. of 

Ph. megas- 

Ph. cm- 
muntaatma 

Ph, vitlata 

A.fo 

el, da 

individuals 

no of none 

no of nerve 


no nerve cells pi i .seg- I 


telK per 

cells per 

tells |>er 

ment in meddle legion 


segment in 

segment in 

segment m 

Ordinary 

raitirulfir 


middle region 

middle region 

middle region 

typed cells 

typed cells 

1 

58 

60 

40 

60 

lf6 

2 

47 

44 

32 

10 

274 

Average 

62.5 

47 

.36 

.34.5 

210 6 


SUMMARY 

1. In the thrc(' species of Pherettma, Ph. communtsstma, Ph. 
megascoUdtoides and Ph. vitlata, intermuscular nerve cells are found 
as they are in Alloloboi>ht>ra caliginosa and A. foetida. 

2. In the three species of Pheretima these cells are found mainly 
between the longitudinal and circular muscle layers and, rarely, between 
the epidermis and circular muscle layer or within the cin'ular muscle 
layer. In Allolobophora foetida the particular spindfe shaped bipolar 
cells are numerous within the circular muscle layer near the eiiidermis, 
and also immediately under the epidermis. 

3. The distribution of these cells in Ph. communtsstma shows no 
remarkable difference in concentration on the whole body. Hut the 
number of these cells tends to decrease antero-fKisteriorly along the 
body. 

4. Among the three species of Pheretima, Ph. megascohdwtde.s 
has the largest number of these cells, Ph. communissima next to it, 
and Ph. vittata has the least. 

5. A. foetida, though it possesses nearly the same number of 
the ordinary typed cells, has many more of the particular typed cells 
than of the ordinary, in contrast to the three species of Pheretima. 

6. The distributional arrangement as well as the insignificant 
number of these cells seem to suggest that these cells in the earth- 
worm are vestiges of the primitive nerve net of lower invertebrates 
as Dawson claims, and probably play no functional role. 
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Effect of Inorganic Salts on Photic Orientation 
in AUolobophora foetida (Sav.) 

5. Sodium Salts -Na 2 S 04 , NaNOs, and NaCl. 

By 

Ekitaro Nomura and Shinryo Ohfuchi. 

CBioIofiira] Institute, T6hoku Impenal University, Sendai, Japan). 

(With 6 Text-figures). 

ABSTRACT. The expenments were earned on by submerging the 
worms in a solution of the single or mixed sodium salts. 

1. In the ventral nerve cord, NaNO, and NaCl caused a weakening 
of positively orienting functioning, while Na3S04 caused a strengthening at first 
and then a weakening 

2. In the brain, NaNOs caused a weakening. NaCl a strengthening, 
and NajSO^ a strengthening at first and then a weakening, of negatively 
orienting functioning. 

3. In NajS04+NaN0i, the change in positive orientation tended 
mainly to follow that of the worms placed in NaNOs, while the change in 
negative orientation showed a tendency between those occurring m Na3S04 
and NaNOs separately. 

4. In NajS04-i-NaCI, the change in positive orientation tended mainly 
to follow that in NaCl, but the change in negative orientation appeared to 
follow neither that in Na3S04 nor in NaCl. 

5. In NaNOs-fNaCI, the change in both orientations tended mainly 
to follow that in NaNOi^ 

6. In all the single and mixed solutions, backward crawling appeared 
to be caused mainly by a relative weakening of forward crawling functioning 
in the ventral nerve cord. Winding movement might be more or less pronounced 

So far as we had carried our experiments on the effect of uiorganic 
salts on the photic orientation in AUolobophora foetida, among salts 
U8ed'~'\ we found one, NaCl, which caused a weakening of positively 

>^Mgag, CaCl„ Naa, and KCl. Sci. Rep. Tohoku Imp Univ., 4th Ser, Vol 3. 
No. 2, Pp. 161-177. Methods of the experiments and of treating data are given 
in this paper. 

«MgS04. FeS04. Na*S04, and KjBQ,. Ibid., Vol. 3, No. 3, Fasc. 1, Pp. 223-4J48. 
»)Mg(NO,)fc Ca(NO,)ft NaNO,, and KN6». Ibid, Vol 3, No 3, Fasc 2, Pp 379- 
403. 

-ONal, KI, NaBr, and KBr. Ibid, Vol. 3, No 4. Fasc. 1, Pp 647-663 
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orienting functioning in the ventral nerve cord and a strengthening 
of negatively orienting functioning in the brain, therefore a strength- 
ening of the degree of negative orientation in the worms as a whole. 
In the present experiments we are going to test again the effect of 
NaCl'^ and, in connection with this, of other sodium salts, NasS 04 ‘^ 
and NaNQ,»\ 

The control experiments were carried on on the 17th and the 3tst 
of August, 1928, separately, each in a temperature of 25°C. The 
data given in this paper were the averages of the results from these 
two sets of experiments 

I EFFECT OF SINGLE SALTS. 

The experiments were carried on in a temperature of 25°C., August 
17-23, 1928 In the experiments, 1/2 the normal solutions of NaNO* 
and NaCl, and 1/4 the normal solution of Na 8 S 04 were used separately. 

A Movements of Unoperated Worms. * 

50 worms were tested individually in a definite solution for each 
duration of submergence, viz. 30, 60, 90. or 120 seconds. 

In Na^SOi, the worms showed neither convulsion nor ejection of 
coelomic fluid, and they were still vivid even after an elapse of 800 
seconds. 

In NaN 04 , the worms showed convulsion as soon as they were 
submerged, but ejf’ction of coelomic fluid would begin generally after 
an elapse of 13 or more seconds. When the duration of submergence 
was prolonged above 250 seconds most of the worms could not crawl 
out. 

In NaCl, at a duration of about 25 seconds, the worms showed 
convulsion which was in most cases followed directly by ejection of 
coelomic fluid. Sometimes a second set of convulsion and ejection 
was observed. They were very sluggish at a duration above 450 
seconds. 

The differences in number of seconds found between the previous 
and present experiments in NaNO* and NaCl might presumably 
depend upon the difference of concentration, as well as of temperature 
under which the experiments were made. 
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Table 1. 

Angles occupied by the unoperated worms. 



Duration of 
submerflenre 
in seconds 

B i in angles in degrees 

10 cm 

angle.s in degrees 

Positive 

Average 

Negative 

Positive 

Average 

Negative 


0 

80.43 

102.02 

111.69 

78. .37 

111.00 

122.6.3 


30 

82.64 

oo.oe 

106.42 

82.88 

106.74 

113 86 

Na,S()^ 

(iO 

77.44 

88.06 

101.62 

78.84 

100.62 

112.08 


SH) 

81.34 

06 68 

104.24 

81.62 

106 70 

114.08 


120 

71.74 

82.82 

101.08 

76.. 32 

93.02 

106.70 


0 

80.43 

102.02 

111.69 

78.37 

111.00 

122.68 


30 

77.62 

100.30 

112.68 

78.46 

107.46 

119.00 

NaNOn 

CO 

71.40 

86.06 

104.66 

71.42 

88.60 

107.18 


«0 

76 68 

87.08 

101 .40 

74.. 36 

92.18 

107.82 


120 

81.00 

88 94 

97.94 

76.. 38 

91.28 

105.90 


0 

80.43 

102.02 

111.69 

78.37 

111. CO 

122.63 


SO 

76.86 

09.78 

113.92 

73.92 

111.02 

127.10 

NaCl 

CO 

76.60 

100.12 

113.62 

71.10 

108 22 

127.12 


00 

77.30 

108.00 

120.70 

76. .32 

120.62 

186.20 


120 

7».84 

113.88 

124.04 

76.16 

122.16 

1.36.00 


Table 2. 

Frequency distribution of the unoperated worms. 



Duration of 

5 cm. angles 

10 cm angles 

in seconds 

C-SO" 

81'’-99° 

100'-180° 

0'’-80° 

81°-99° 

lOOMSO- 


0 

10 

6 

84 

11 

4 

.36 


SO 

10 

IS 

27 

8 

14 

28 

NajSO^ 

60 

17 

14 

19 

14 

14 

22 


90 

12 

18 

20 

1,3 

14 

23 


120 

26 

10 

16 

20 

11 

19 


0 

10 

6 

.34 

11 

4 

36 


30 

16 

9 

26 

14 

7 

29 

NaNOa 

60 

26 

10 

16 

23 

10 

17 


90 

20 

10 

20 

21 

7 

22 


120 

18 

14 

18 

20 

8 

22 


0 

10 

6 

34 

11 

4 

.35 


.30 

11 

.3 

36 

12 

4 

.34 

Naa 

60 

10 

6 

34 

13 

4 

33 


00 

8 

6 

36 

10 

6 

.36 


120 

8 


37 

9 

4 

37 
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Orientation. 

From Tables 1 and 2 it may be inferred that, in NaiSO^ and 
NaNOj, the degree of negative orientation of the worms tended to 
weaken with the increase of the number ef seconds of submergence, 
while in NaCl it tended to strengthen. 

Crawling. 

Though in all the solutions (Table 3), the number of backward 
crawling and winding individuals might be increased after the sub- 
mergence, in the present experiments Ithese phenomena were shown 
only very feebly. 


Table 3. 

Frequency of crawling of the unoperated worms. 
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B. Movements of Operated Worms. 

25 worms were tested individually for each duration of submer 
gence. 

Orientation. 

From Tables 4 and 5 it may be noted that NatS 04 tended to 
cause in the worms a strengthening at first and then a weakening 
of the degree of positive orientation, while NaNO, and NaCl tended 
to cause a successive weakening. 


Table 4. 

Angles occupied by the operated worms. 



Table 5. 


Frequency distribution of the operated worms. 



Dnr«ti«n of 

Bern, angles 

10 cm. angles 


in second* 

o'-wr 

8r-w> 

100'-180» 

tr-so- 

81*-99’ 

100“-! 80° 


0 

17 

4 

4 

19 

2 

4 


SO 

SO 


3 

22 

0 

8 

N«,S 04 

00 

18 

S 

3 

19 

2 

4 

go 

17 

6 

8 

19 

4 

3 


ISO 

17 

4 

4 

17 

4 

4 
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Crawling. 

According to Table 6, in all the cases the number of backward 
crawling individuals was mcrea.sed after the submergence. The number 
of winding individuals might be also increased. 

Table 6. 

Frequency of crawling of the operated worms. 






SODIUM SALTS AND PHOTIC ORIENTATION 


473 


C. Changes of Negativity in the Brain. 

From Table 7, Figs. 1-3 were plotted in order to see easily the 
states of the changes. In these figures the tracings of the 5 cm. 
angles are denoted by the broken lines, and those of the 10 cm. 
angles by the full lines. 


Table 7. 
Calculation of N. 



Duration of 

f)cm 

ngles in degree* 

10 cm angles in degrees 


in seconds 

P 

A 

N 

P 

A 

N 


0 

~06.00 

102 02 

127.02 

66.16 

111.00 

146.84 


.SO 

66.02 

99.06 

1.12.14 

60.04 

106.74 

146.70 

Na2S04 

60 

66. OS 

88.96 

11.1.88 

63.72 

100.62 

1.16.90 

UO 

62.88 

96 68 

122 70 

62.66 

106.70 

142.74 


lUO 

67.62 

82.82 

106.. 10 

60.04 

93.02 

122 98 


0 

66.00 

102.02 

127.02 

66.16 

111.00 

146.84 


.10 

68 84 

100.30 

121.46 

63.. 12 

107.46 

1.14.14 

NaNO, i 

60 I 

79.24 

86.06 

96.82 

76.96 

88.60 

101 64 


00 

.80.68 ! 

87.08 

96.40 

82.08 

92.18 

100.10 


120 

86.28 

88.94 1 

93.66 

84.. 16 

91 .28 

96.92 


0 

66.00 

i 102.02 

127.02 

66.16 

111.00 

146.84 


.10 

61 ..12 1 

99.78 

128.46 

64.84 

111.02 

146.18 

NaCI 

00 

02.92 

! 100.12 

127.20 

66.20 

108.22 

142.02 


00 

67.66 

1 108.00 

1 1.10.44 

61.20 

120.62 

149.. 12 


1 120 

69. .16 

1 

1 11.1.88 

1 I 

131.62 

04.40 

122.16 j 

147.76 


NuitSO, (Fig. 1) tended to cause in the brain a strengthening at 
first and then a weakening of the degree of negative orientation, 
though this tendency was not shown in the present experiments so 
clearly as it was in the previous. 

NaNOa (Fig. 2) appeared in the present experiments to cause in 
the brain only a successive weakening of the degree of negative 
orientation, without causing a strengthening at an early part of the 
submergence which was shown in the previous experiments. From 
the lack of data at a duration shorter than 30 seconds, however, we 
are unable to judge whether the result of either the previous or the 
present experiments is correct or not. 





Occupied angles Occupied angles 
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NaCl (Fig. 2t) tended to cause in the brain a strengthening of 
the degree of negative orientation in coincidence with the results of 
the previous experiments. 


Fig. 1 N»»SO«. 



0 .10 60 90 J20 


Seconds 


Ftg. 2 NaNO,. 



0 SO er 90 120 


Seconds 
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Fig. 3. NaCI. 



Seconds 


D. Changes in Crawling. 

From Tables 3 and 6 we may infer that, m all the solutbns used, 
the strengthening of backward crawling functioning in the ventral 
nerve cord is caused mainly by a relative weakening of forward 
crawling functioning in the ventral nerve cord itself. This statement 
coincides with those given in our preceding papers. 

11 EFFECT OF MIXED SALTS. 

The experiments were carried on in a temperature of 25°C., 
August 23-28, 1928. For an experiment, a given amount of 1/2 
the normal solutions of NaNO, and NaCl and of 1/4 the normal 
solution of NaiSO, was mixed with the same amount of one of the 
other solutions. 


A. Movements of Unoperated Worms. 

50 worms were tested individually for each duration of submergence. 

In NajSOi + NaNOj, the worms showed convulsion at a submer 
gence of about 6 seconds, and- .ejection of coebraic fluid about 250 
seconds. When the worms were submerged above 750 seconds they 
could hardly crawl out. 
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Table 8. 

Angles occupied by the unoperated worms. 



Duration of 
submergencp 
in seconds 

6 cm 1 

ingles in degrees 

10 cm. 

angles in degrees 


Positive 

Average 

Negative 

Positive 

j Average 

Negative 










0 

80.4.3 

102.02 1 

m.69 

78.37 

1 111.00 

122.03 

NaaSO, 

30 1 

81 06 

no CO 

118.94 

70.18 

1 114.08 

124.90 

+ 

60 

79.40 

100.40 1 

! 111.00 

80.46 

109.74 

119.28 

NaNO, 

00 

70.94 

98.42 1 

108.48 

80.62 

1C4.88 

114 26 


120 

76.70 

89.08 I 

103.38 

77.. 30 

97.20 

109 90 


0 

80 43 

102.02 

111.69 ! 

78.37 1 

111. CO 

122.63 

NaaSO^ 

.30 

78.41 

92.67 

104.16 i 

76.76 ; 

97,16 

m.4i 

+ 

60 

79.06 

93.08 

103.12 ' 

77.82 1 

101.12 

113.30 

NaCI 

00 

78.06 

93.06 

106.00 

78.44 1 

103.00 j 

114.66 


120 

81.83 

96 76 

103.93 

80.02 1 

110.66 ! 

120.64 


0 

80.43 

102.02 

111.69 

78..37 

111. 00 i 

1 122 63 

NaNO, 

.30 

80.06 

100.28 

110.22 

78.62 

1(7.32 

118.70 

4 

60 

79.16 

96.70 

106.64 

76.22 1 

104.04 ! 

117,82 

NaCI 

90 

78.24 

93.40 

106.16 ! 

78.16 

100.98 i 

112.82 


120 

79.28 

96.68 

106.40 1 

78.82 1 

98.30 i 

109.48 


In NasSO^ + NaCl, at about 200 seconds of submergence the 
worms showed convulsion which was directly followed by ejection of 
coelomic fluid. A second ejection of coelomic fluid was often observed. 
When the time was prolonged above 1100 seconds the worms became 
very sluggish. 

In NaNOa + NaCl, the worms showed o<invulsion soon after the 
submergence and ejection of coelomic fluid at about 13 seconds. 
When they were submerged in the solution above 350 seconds they 
were not able to crawl out. 


Orientation. 


From Tables 8 and 9 we may infer as follows: 

In NaiSO<+ NaNOi, the worms tended to show a weakening of the 
degree of negative orientation. This tendeney of .change might be 
taken as an expression between those shown by the worms placed 
in Na«SO< and NaNOa separately. 

In NaNOa + NaCl, the worms showed also a weakening of the 
degree of negative orientation. This tendency of change thus showed 
a nearer resemblance to that in NaNOv 
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Table 9. 


Frequency distribution of the unoperated worms. 



Duration of 


cm angles 

— 

10 cm angles 



submergence 

O'-SO” 

81‘'-99'’ |l00*-18C‘’ 

0’-80° 

81°-89“ lOCMSO- 


0 

10 

6 1 

34 

11 

4 ! 

.36 

Na,S 04 

J«) 

8 

^ i 

.38 

8 

^ i 

37 


60 

16 

n 1 

24 

12 

» 

20 

NaNO, 

90 

16 

11 1 

2.3 

1.3 

« 1 

20 


lao 

18 

19 1 

13 

19 

12 

19 


0 

10 

6 ' 

.34 

11 

4 

.36 

Na.SO, 

SO 

i:5 

12 ! 

26 

17 

0 , 

24 

+ 

60 

11 

13 

26 

14 

0 1 

27 

NaCI 

90 

II 

11 

28 

' 12 

8 i 

.30 


120 

10 

10 , 

SO 

■ 12 

L 

.33 


0 

10 


.34 

! n 

4 

36 

NaNOs 


10 

1 » ! 

.31 

i 


32 

+ 

60 

1 >2 

1 10 1 

28 

1 11 

i 10 ; 

20 

NaCI 

1 90 

! 12 

14 ; 

24 

1 11 

! Ifi ; 

23 


j 120 

1 » 

' 10 1 

20 

' 10 

! i 

19 


In NaaS 04 + NaCl, the worms showed a weakening at first and 
then a strengthening of the degree of negative orientation. ITiis 
tendency appears to follow neither that in NaaSO, nor in NaCI 


Crawling. 

Though in all the solutions, the number of backward crawling 
and winding individuals might be increased after the submergence, in 
the present experiments (Table 10) these phenomena were shown 
only feebly as they were in the cases of the single salts (Table 3). 

B. Movements of Operated Worms. 

25 worms were tested individually for each duration of submergence. 

Orientation. 

According to Tables 11 and 12, in all the solutions the worms 
tended to decrease the degree of positive orientation. 

In Na^O^ + NaNOj, and NaNO, + NaCl, the tendency of change 
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I Table 10. 

Frequency of crawling of the unoperated worms. 



Table 11. 

Angles occupied by the operated worms. 



Duration of | 6 cm 

submerftence - 
in seconds j Positive 

angles in degrees 

10 cm 

angles in degrees 

Average 

Negative 

Positive 

Average 

Negative 


0 

60.18 

66.00 

96.82 

47.02 

66.16 

98.14 

NajSO, 

80 

61.36 

66.62 

96.16 

64.04 

61 40 

97.36 

4- 

CO 

62.88 

69.20 

96.. 'i2 

66.36 

62.84 

97.48 

NaNOs 

90 

66.76 

71.24 

94 48 

66.68 

61 .92 

96.24 

120 

69.28 

7.8 36 

'94.08 

67 64 

64.96 

97.. 32 


0 

69.18 

66.00 

96 82 

47.02 

66.16 

98.14 

NasiSO^ 

.•^0 

66.64 

76.08 

99.44 

1 60.40 

68.68 

98.26 

+ 

60 

70.72 

79.48 

98.76 

64.20 

62.84 

98.64 

NaCl 

90 

70.88 

78.32 

97.44 

60.44 

09.20 

98.76 

j 

120 

71.60 

78.28 

96.68 

61.^0 

68.72 

1)7.12 


0 

69.18 

66.00 

96.82 1 

47.02 

66.10 

98.14 

NaNO, 

.80 

64.20 

72.68 

98.48 

49.76 

66.00 

96.24 

+ 

60 

67.00 

74.08 

97.08 

54.08 

61.48 

97.40 

NaCl { 

00 

67.68 

76.84 

99.16 

60.28 

72.48 

102.20 

i 

lao 

66.64 

80.76 

101.12 

68.04 

77.80 

99.76 
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Table 12. 

Frequency distribution of the operated worms. 



Duration of 

6 cm. angles 

10 cm. angles 


in teconds 

0"-80° 

I 81*-»9‘ 

100‘-180‘’ 

C’-SO” 

81°-96" 

100°~180'’ 


0 

17 

1 4 

4 

10 

2 

4 

NaJSO^ 

30 

16 

' 6 

4 

18 

4 

8 


00 

16 

> 

4 

17 

4 

4 

NaNO, 

00 

16 

6 

8 

18 

4 

8 


120 

16 

i * 


17 

4 

4 


0 

17 

: 4 

4 

16 

s 

4 

N«,SO< 

80 

H 

i ® 

6 

17 

3 

6 

+ 

60 

14 

6 

6 

16 

4 

6 

NaCl 

90 

14 

' 6 

I 6 

16 

4 

6 


120 

! 12 

1 ® 

1 ^ 

16 

6 

6 



17 

1 ■* 

4 

! 19 

2 

4 

NaNO, 

I 80 

1 16 

4 

6 

! 16 

2 

6 

+ 

00 

! 16 

6 

6 

1 16 

8 

6 

NaCl 

60 

16 

8 

1 7 

! 14 

i 6 

8 


120 

13 

4 ' 

! 8 

! 

1 4 

8 


Table 13. 

Frequency of crawling of the operated worms. 





6 cm angles 


10 cm angles 




Duration 
of sub- 
mergence 
m seconds 

Forward 

^ l.sl 

1 llll 

Q 1 M 

Directly B3 

After ' 0 
anterior 1 3. 
elongation ' 

Forward 

Backward 

Returmng 

s 

i 


0 

9 

2 

18 

1 

11 

14 

0 

0 

NaiS04 

.80 

4 

0 

21 

0 

4 


0 

1 


60 

2 

0 

2.1 

0 


23 


1 

NaNO, 

90 

1 

0 

22 

2 

1 

24 

0 

1 


120 

8 

! ® 

22 

« 


20 

0 

0 


0 

9 

i 3 

13 

1 

11 

14 

0 

0 

Na,S04 

30 

1 

1 1 

22 

1 

2 

23 

0 

0 


60 

8 


22 

0 

3 

22 

0 

0 

NaCl 

90 

3 

1 0 

22 

0 

3 

22 

0 

0 


120 

8 

1 « 

17 

0 

8 

17 

0 



0 

0 

I 2 

13 

1 

11 

14 

0 

0 

NaNO, j 

.10 

4 

: 1 

. 20 

0 

6 

20 

0 

2 


60 1 

6 

! 0 

19 < 

0 


19 

S 1 

1 

NaO 

90 j 

3 

i ® 

22 1 

0 

3 1 

22 

0 J 

0 

1 

120 

2 

I ® 

21 1 

2 

1 

28 

0 1 

0 
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appeared to be influenced by NaNOs more than by NajS 04 or NaCl 
respectively. 

In NajS 04 + NaCl, the tendency might be influenced by NaCl 
more than by NaaSO,. 


Crawling. 

In all the solutions (Table 13), the number of backward crawling 
worms increased after the submergence. The number of winding 
individuals might be also increased. 

C. Changes of Negativity in the Brain. 

From Table 1-1, Figs. 4-6 were plotted. In these figures too the 
tracings of the 5 cm. angles were denoted by the broken lines, and 
those of the 10 cm. angles by the full lines 


Table 14. 
Calculation of N. 



Duration of 
submergence 
in seconds 

6 < m angles in 

7 i 44 ■■ 

egreea 

N 

10 cm 

P 

angles in degrees 

A j N 


0 

66.00 

102.02 

127.02 

65.16 

iii.ro 

146.84 

Na2S04 

.SO 

66.62 

110. CO 

1«.S,48 

61 .40 

114.08 

142.68 


00 

69.20 

100.40 

121.20 

62.84 

109.74 

136.90 

NaNO, 

90 

71 24 

98.42 

117 18 

61.92 

104.88 

132.96 


120 

7,S..S6 

89 08 

106.72 

04.96 

97.20 

122.24 


0 

66.00 

102.02 

127.02 

56.10 

111.00 

146.84 

Nas.S04 

.'X) 

76.08 

92.67 

1 1C7.49 

68.68 

97.16 

128.48 

+ 

60 

79.48 

9S.08 

1 10.S.60 

62.84 

101.12 

128.28 

NaCl 

00 

78.. S2 

9.S.06 

104.74 1 

69.20 

103.00 

123.80 


120 

78.28 

96.76 

107.48 

68.72 

110.66 

131.84 


0 

65.00 I 

102.02 

127.02 1 

66.16 

111.00 

146.84 

NaNOs 

.SO 

72.68 1 

100 28 

117.60 : 

6(LOO 

107.32 

141,32 

+ 

60 

74.08 ! 

96.70 

111.62 

61.48 

■ 104.04 

132.66 

NaCl 

90 

76.84 

93.40 

100.66 

72.48 

i 100.98 

118.60 


120 

80.76 

96.68 

104.92 ' 

77.80 

98.30 

110.60 


Na,S 04 + NaNOs (Fig. 4) caused in the brain a weakening of the 
degree of negative orientation. This tendency of change might be 
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taken as an expression between those of the worms placed in Na,S 04 
and NaNOa separately. 

NajSOa + NaCl (Fig. 5) caused in the brain a weakening at first 
and then a strengthening of the degree of negative orientation. This 
tendency appeared to resemble neither that in NajSOa nor NaCl. 

NaNOa + NaCl (Fig. 6) caused in the brain a weakening of the 
degree of negative orientation. This tendency appeared to be influenced 
much stronger by NaNOa than by NaCl. 


Fik 4 Na,S04+NaN0v 



0 .W CO so 120 


Socondt 


Fig .5 Na,S04+NaCl 



0 80 60 90 120 


Seconds 
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Fjg. 6 NaNO,+N*a. 



.Seconds 


D. Changes in Crawling. 

From Tables 10 and 13 we may infer that, in all the mixed 
solutions used, the strengthening of backward crawling functioning is 
caused mainly by a relative weakening of forward crawling functioning 
in the ventral nerve cord. 


III. .SUMMARY 

NajSOi caused a strengthening at first and then a weakening of 
both positively orienting functioning in the ventral nerve cord and 
negatively orienting functioning in the brain. Convulsion and ejection 
of coelomic fluid were not observed. 

NaNO, caused a weakening of both positively and negatively 
orienting functionings. Convulsion began soon after the submergence, 
and ejection of coelomic fluid after an elapse of about 13 seconds. 

NaCl caused a weakening of positively orienting functioning, and a 
strengthening of negatively orienting functioning. Convulsion occurred 
at about 25 seconds and in most cases it was followed direcdy by 
ejection of coelomic fluid. 

NasS 04 + NaNOt caused a weakening of both positively and nega- 
tively orienting functionings. Convulsion occurred at about 6 seconds, 
and ejection of coelomic fluid at about 250 seconds. 
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Na»S 04 + NaCl caused a weakening of positively orienting function- 
ing, and a weakening at first and then a strengthening of negatively 
orienting functioning. Convulsion began at about 200 seconds, being 
followed by ejection of coelomic fluid. 

NaNO, + NaCI caused a weakening of both positively and nega- 
tively orienting functionings. Convulsion began soon after the sub- 
mergence, and ejection of coelomic fluid at about 13 seconds. 

In NaiSO^-i-NaNO,, the change in positive orientation tended 
mainly to follow that of the worms placed in NaNO,, while the 
change in negative orientation showed a tendency between those 
occurring in Na,S 04 and NaNO» separately. 

In NajSO, -f- NaCl, the change in positive orientation tended mainly 
to follow that in NaCl, but the change m negative orientation appeared 
to resemble neither that in Na^O, nor in NaCl. 

In NaNOa-fNaCl, the change in both orientations tended mainly 
to follow that m NaNO|. 

In all the single and mixed solutions used, a strengthening of 
backward crawling was caused mainly by a relative we^lkening of 
forward crawling functioning in the ventral nerve cord. 

In all the cases winding movement might be more or less pro- 
nounced. 


May 24, 1930. 




On Drawida hattamimizu, Sp. Nov. 


By 

Shinkishi Hatai. 

(Bioluliical Institute*, T6hoku Imperial University, Sendai, Japan). 

(With 7 Texl-fiRures) 

The presence of this gigantic semi-aquatic species of Oligochaeta 
belonging to the genus Drawida is said to have been known for years 
to the ptHipIe living in the villages near Kahoku Lake in the prefecture 
of Ishikawa which is facing, and opens by a nan-ow inlet to, the Japan 
Sea. This worm is extensively used by the Iwal fishermen as a live 
bait for eel fishing and is called by them Hattamimizu, distinguishing 
it from other earthworms. 

A few years ago, a school master of Hatta village, Mr. Tetsujiuo 
Mom, sent this worm to Professor To IcHiMimA, of the Fouth Govern- 
ment High School at Kanazawa, who in turn sent it to Professor 
Seitaro Goto at Tokyo Imi>erial University for identification. First 
of all I wish to thank Prof. Goto for intrusting to me the study of 
this interesting worm, and I also wish to extend my hearty appreciation 
to the other two gentlemen mentioned above who not only made this 
worm known outside of their locality, but, during my visit later to 
this lake for further collection of materials, gave me first hand 
assistance in accomplishing the object of my expedition. Taking this 
opportunity, I wish also to thank the Saito Hoon Kai (Saito Gratitude 
Foundation) for the generous financial aid which was given to the 
collection of materials and facilitated my carrying on this piece of 
work to a succesful end. I am deeply indebted, too, to my assistant, 
Mr. Takeye Araya, who accompanied me on this expedition and by 
whose endurance and painstaking care only I was enabled to collect 
many specimens in a perfect condition. 

The generic characters of Draudda are well defined now and even 
the minute structures of several species have been well studied already 
by Beddard, Benham, Bourne, Stephenson and others. Con- 
sequently it appears to me rather superfluous to describe in too much 
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detail the structures of the present specie®, but I have done so to 
some extent in as much as the present Japanese species shows struc- 
tures of interest which are unique and since this is the first species 
of genus Dramda found at a definitely known locality and studied 
from numerous fresh specimens. Dramda japonica, Mich, is, of 
course, the first described species but its exact locality is not known, 
though it is considered to be identical with the species found in India, 
Bahama, China. 

The present species are certainly to be classed as water dwellers 
rather than earth dwellers and indeed are found among the rice 
roots, banks of ditches or ponds where water freely penetrates, although 
these worms are able to survive for days during the harvest season, 
at which period water is removed form the rice fields. At this period 
we can find hundreds of finger-sized holes along the banks of rice 
fields, deep inside of which the worms are living This habit of 
living is dreaded by the farmers since a slight incline of the rice 
field empties the water through these holes, l^espite this injurious 
behavior, this worm is welcomed by the fishermen as they are the 
best bait for eels. In the villages some distance from the bay, where 
eel fishing is not practiced, the farmers are making a concerted effort 
to prevent the intrusion or introduction of the worm, by for instance 
inhibiting an exchange or getting young rice plants even they were 
obliged to obtain from far distant villages during failure of their rice 
nursery bed. 

The movement of the worm is very slugish, though the anterior 
bead region is very actively moved. 

The susceptibility of this worm is astonishing, and indeed the 
worm cut into many small pieces, e^h less than one inch long, may 
survive for months. Although 1 have not actually detennioed the 
maximum peraxl of survival, yet there is every indication that most 
of the pieces may, under favourafde condition, survive for a consider- 
ably longer period. 

In many cases I have noted that even where a longitudinal cut is 
made along the dorsal line and most of the organs mutilated, 
the blood vessels anptied, some portion of the organs s«ni-decotBposed 
and the entire worm is kept under tap water, yet the body wafl of 
the worm responds to slight mechanical stimulation for as bng as 
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twelve days. Another curious fact noted was that the blood within 
the heart remains red colored with equal intensity for over a week 
surroundi'd by tap water unless injured. 

The worms survive better in hydrant water, even at near zero 
temperature for days than in wet earth. 

All these jioints show that the Hattamimizu with its large size 
and the many virtues mentioned above would be first class material 
for various physiological investigations. 

As to the breeding seasons and breeding habits nothing is known 
yet Like the hmicolae the worms aiil together when many are 
placed together, but they differ from them as Drawida coil their tails 
together, protruding thtir heads while the reverse the phenomenon 
IS shown by true hmicolae such as Tubtfex, firanchiura etc. 


I EXIKHNAL CHAKACTEKS AND HABITATS 


The length of the Ixidy of this worm is more difficult to measure 
than most other terricolae on account of a considerable degree of 
extensibility and retractibility. When seen in their natural habitat 
while .slowly moving or crawling, the longest so far found elongated 
itself to as long as three feet yet the posterior jxirtion of its body 
was not fully extended. If the worm is held with the fingers by its 
tail and hangs freely downward it often elongates live or six times 
its normal contracted length I have given below averaged measure- 
ment taken from six well developed worms which were killed with 
gradually concentrated alcohol and preserved in 85 alcohol. 

The length given for this worm is by no means unusual and thus 
ranks it with most other known gigantic species of this genus. For 
comparison I shall give measurements of several gigantic worms of 
known Dratoida in comparison with this Japanese species. 


D grandut 

D, nilanbuTemis 

D, robiuta var 
ophidtotdea. 


Length Width Segm. 

306- Without 
OZU 1- p,g„ent 


gizzards 

. XVII- 


Clitrlluni Lotaht\ 
X-XIU India 
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D. naduvatamensi* 600 6 400 3, India 

D. hattamimtzu 246 9.6 S17 ®}«f- 6-». xyill *>X-4XVI Japan. 

The above shows that the Japanese species ranks as the largest 
known species of Drawida m the number of segments as well as in 
the diameter of body. 

Color. The color of the fresh worm appears almost black all 
over the body but when preserved, for instance in 1096 formalin, 
the upper two-thirds of it is deep bluish black while the remaining 
ventral one-third is much lighter. If preserved in alcohol much of 
the pigment fades away and presents a very much lighter, grayish 
color. 

In some, sexually fully matured, the clitellum appears. It exhibits 
a light pink color which almost completely surrounds the clitellar 
segments. The color of the younger worm usually appears brick red 
owing to the lack of the pigment though both the anterior and 
posterior portions of the body are slightly darker. We however often 
find apparently adult woims which exhibit a light brick red coloration 
all over the body instead of bluish black, excepting a slight dark 
color in both the anterior and posterior regions. This color of bluish 
black is easily soluble in strongly acidulated alcohol similar to that of 
Allolobophora but differing in the coloration of the Pher^ima which 
pigment is insoluble in this reagent. 

The prostomium is a prolobish and large round body in preserved 
specimens. 

Pappilae. In the ventral surface along the head region, especially 
in the neighborhood of the sexual openings, one pair of prominent 
papillae in each segment is present. Though these papillae are easily 
seen in sexually matured individuals, even in somewhat immatured 
specimens they can be seen after preservation. In all specimens I 
have examined so far the arrangement of the jgapillae is not strictly 
symmetrical but one or more from either side are usually and ir- 
regularly missing. The arrangement of the papillae on the specimens 
of best provided is as follows: 

From VI to IX, one pair in each segment along the inside pf the 
inner setal line : 
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From XI to XIO, one pair in 
eaetr segment along the inside of the 
inner setal line. One pair some times 
found in X, but usually lacking. 

The above arrangements are found 
in worms provided with most numer- 
ous papillae and indeed we meet 
often with specimens having them 
only in XI, XII and XIII. Often 
however the papillae are entirely 
absent externally in the worms which 
appear in every respect sexually fully 
matured but, after dessectbn, show 
yellowish spots internally where the 
papillae should normally be present 
externally. 

The position of the papillae, if 
present, occupies invariably a place 
slightly in and behind the inner setal 
position. The shape of the papilla 
is circular and elevated slightly from 
the body surface. The diameter 
varies from almost one mm. to one 
and a half mm. The tip of the 
papilla is usually pointed, though in 
some specimens it is flattened. 

Each papilla is connected internally 
with a patch of glandular structure 
which exhibits a deep yellow colora- 
tion. This patch of gland is usually 
oblong shaped and is found even 
when no papillae^ are discernible ex- 
ternally. I have shown its position 
in Fig. 4. from which one will notice 
that these patches are symmetrically 
located not only along the inner setal 
lines but, in addition, we often And 



Fig 1. Showing tlie ventral 
views of Drateida hattamtmizu. 
Note the presence and arrange- 
ments of a large number of papilla. 
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Similar shaped patches located along the outer region of the outer 
line or between the inner and outer setal lines. 

The sexual markings, such as the presence of papillae, modified 
body wall exhibiting .swollen patches, grooves etc., are stated to be 
weakly developed in the genus Drawtda. The present Japanese 
species of Drawida is therefore unique in having so numerous papilla 
of prominence and, if constantly present in every individual, this 
character alone would enable us to distinguish it from other exotic 
species, but unfortunately it is not constantly present in many of 
specimens so far examined 

Ciitellum. The clitellum is comparatively poorly developed in this 
.species of Drawida and is nothing more than a slight modification 
of the epidermal layer. The clitellum is hardly visible in a fresh 
condition and only becomes evident, if present, after preservation 
with either alcohol or formalin. The color of the clitellum is light 
pink but it is ca.sily distinguishable from the other segments. The 
clitellum is conipo.sed of from .seven to eight dLstinct .segments and 
occupies the region from IX to XV or XVI, thus differing from all 
other known exotic sfiecies in which it is stated in the majority of 
cases to occupy X-XIII, and never more than consecutive .segments. 
Often the first clittellar segment begings in the posterior half of IX 
and ends in the anterior half of the segment XVI. 

The setae are present in all the segments except the first and 
second, and are similar in size and shape. 

Considering the worm as a whole, all the segment.s after the 8th 
gradually narrowed posteriory when compared with the few segments 
of the immediate front. 

Setae. The shape of the setae ,is usually sigmoid. Fig. 2., measur- 
ing about 50 long and 2 n wide. 
It seems to be similar all over the 
body and no specially modified 
setae m thg'Tegicjn of the genera- 
tive openings are present. Setal 
lines are slightly elevated from the 
general surface along the ventral 
surface and two setae usually pro- 
ject from each row, though often 



Fig. 2 . Showing the shape of setae. 
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three setae project. 

The relative positions and shape of 
the setae are shown in Fig. 3. 

Secondary Annulation of Segments. 

If the specimens are preserved nicely 
the secondary annulation of a permanent 
nature is not visible, but when the 
worms are abnormally shortened by 
strong contraction or the reproductive 
organs became fully matured the se- 
condary annulation with a deep groove 
become.s visible on the ventral surface. 

It seems to me, so far as my observations go, that permanent second- 
ary annulation normally does not exist in this Japanese species. 

Dorsal Pores. Similarly to practically all other known species of 
Drawida, the present species also totally lacks the dorsal pores. 

Nephridiopores. Curiously enough the openings of nephridia 
are not visible even with moderately high magnification of binoculars 
although I examined carefully, both fresh as well as with best pre- 
served, numerous specimens and although it is stated in n'gard to 
other exotic specimens that these are readily seen in the majority of 
cases in the neighbourhood of the outermost setal prominence. Micro- 
scopical examination of a cross section alone reveals the position of 
the nephridial openings. The size of the opening when seen from 
sections measures only 1,5 /< to 2// in diameter. 

Sex openings. 

Spermatkecal Openings. The spermatheca opens along the inter- 
segmental line between VII/VIII on the tip of the prominent 
papillae, slightly interior to the outermost setal line. The openings 
are very distinct even in a somewhat immature specimen. In well 
developed worms these papillae on whose tops the openings are found 
are conical in shape and the tips bend caudal-ward, slightly covering 
the anterior end of VIII. In several specimens the papillae were 
absent and the openings were seen to be a mere slit along the inter- 
segmental line. 

Male Openings. Vas deferens also opens on the top of conspicu- 
ously elevated papillae. 'Fhe openings are located slightly interior 
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to the outermost setal line between X/XI. The papillae on whose 
top the openings are found bend often caudal-ward, thus covering a 
smaller portion of the anterior XI segment. This opening is also 
very distinct in most specimens. 

In some specimens, no papillae such as described in the above 
were noted, owing probably to the inmaturity of the sex glands in 
those particular specimens. 

Female Openings. Close along the intersegmental line, between 
XI and XII but slightly caudal to them and slightly outside of the 
innermost setal line the female openings are situated. 

The openings are rather inconspicuous and unless the specimens 
are well preserved its recognition is difficult. Its opening is a mere 
slit on the body surface and I never found any dermal alteration 
such as papillae associated with this opening. The openings may be 
noticed if the worms are hardened with Zenker’s fluid in a well 
stretched condition, by pinning the walls. 

The position of the ovidual pores or female openings in my 
specimens is puzzling since it is one of the chief generic characters 
that the openings are located along the intersegmental line XI/XII, 
though in several species of minute size or of less well preserved 
specimens several investigators failed to determine the exact position 
of the openings but assumed that they were at the normal position. 

Among the genus belonging to the Moniligastraedae familiy, having 
the ovidual openings within the segment and not along the interseg- 
mental line, is Eupolygaster in which the openings are found in XIII 
segment. However, the Japanese species differs very greatly in other 
respects from Eupolygaster and its inclusion to Drawida can not be 
doubted though" in this character of the female openings, it differs 
from the generally accepted generic characters of Drawida, but instead 
agrees with the former. 

The chief external characteristics of Drawida hattamimizu are as 
follows : 

The clitellum occupies usuaUy seven segments, IX-XV, 

The spermatbecal openings are between VIWIII, 

The male openings are between X/XL 

'Fhe female openings are in XII, slightly caudal to the interaeg- 
mental line Xl/Xll. 
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The genital papillae are one pair in each segment in VII, VIII, 
IX, XI, XII and XIII. In some, the papillae are totally missing. 

The size, as well as the form, of the setae is uniform all over 
the body. These are missing in the first and the last segments. 

The average body length of some of the preserved specimens gave 
246 mm. with 317 segments. The largest diameter was 9.5 mm. 

Nephredioptires are invisible though the position of the ending of 
the duct is easily located in a dissected specimen in close contact 
with the outer setal rows. 

II. INTERNAL CHARACTERS 
(See Fig. 4). 

Septum. 

The regular septum begins between segments V and VI. Anterior 
to V there are no typical septa but the surface of the pharynx as 
well as of the buccal wall is attached by strongly developed fibrous 
bundles, the other end of which attach to the body wall or some to 
the septum between V and VI. 

These bundles are irregularly attached to the walls concerned but 
metameric arrangement is loosely shown, that is, these bundles are 
somewhat grouped together in the corresponding segments. 

The septums between VII/VIII, and VIIl/IX are very thick and 
are interwoven with highly glistening fibrous bundles while that at 
XI/XII is somewhat thinner. Between XI and XXVI the septums 
exhibit varied thickness, but posterior to XXVI they are very thin. 

After the 6th segment the septums do not strictly occupy the 
intersegmental lines but gradually move caudal-ward and the septum 
in IX and X occupy almost the middle of the segment X. 

After the Xth segment the septums gradually move caudal-ward 
and all the septums posterior to XII/XIIl occupy practically the inter- 
segmental lines. 

The septums between XI/XII and XII/XIlI are very thin and 
soft but from XVI/XVII on till XXII/XIV the septum are considerably 
thicker with glistening appearance similar to the anterior septums at 
V/VI“Vin/IX. Why the septums .are so thick at these segments is 
not clear. Beodard noted po8^giz^ard thickening of the septum in 
Dratoida viridis. 
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Fig. 4. Shoiving the arrangement of 
various internal organs and displacement 
of some of the septa The setal rows 
are indiiated by dotted lines Three 
entire nephridiums are shown which for 
the fhst, the nephiostomes and ducts 
which lead to the exterior are alone nn 
dilated The part of the duits drawn 
by a solid line is exposed in the body 
cavity while the portion indicated by 
dotted lines is imbedded within the body 
wall A thicker septum is indicated by 
the attachment of narrow rectangles to 
the regular septum 

o s , outer setal line , i.s , inner setal line . 
sept., septum, I I. first heart, H IV, 
fourth or last heart, gl , glandular patch, 
pr , prostate, gu , giizards, int , intes- 
tine, sac. int. saccular intestine, sup oe 
ggl, suppraoesophageal ganglion, sal 
gl, salivary glands, sp o, spormathecal 
opening; sp. sac , sperm sac, <1., clitel- 
lum, p, membranous pouch, n m., ne 
phredial membrane , n t , nephredial 
tube, n. ves., nephredial vcsiUe, n, 1. n. 
8 n 18 first, eighth, and eighteenth m- 
phrediums, respectively 


No septum is missttiR as BouUNE (’94) stated in the numerous 
species of his own discovery. In many adult specimens 1 have noted 
a blind .sac formation at a pharyngeal part close to the alimentary 
tract, that is, a conical sac is projected from the rear surface of the 
septum usually between XII/XIII oc often from XIII/XIV additionally. 
Its dimension as well as position suggests that this sac was formed 
by the enormous elongation of the posterior end of the egg sac which 
pushes the septums under consideration caudal-ward thus secondarily 
forming the permanent sacs which receive the posterior end of the 
egg sac. I have actually found in several specimens that the egg-sac 
was held in this sac, hut in the majority of cases the egg-sac is not 
found in this membranous thin sac as the dissection or anaesthetics 
probably produce severe contraction of the egg-sac thus relieving or 
drawing out the sacs. It is stated that m several species of Dratoida, 
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the egg-sac is enormoiisely elongated and pushes the septum of several 
posterior segments, thus forming a sac from the several consecutive 
septa concerned, 

Alime'itary Tract. 

The mouth opens directly to the buccal cavity which is spacious 
and its wall is highly extensible. In preserved specimens it presents 
itself as a narrow tube and occupies the first two segments. The 
pharyngeal wall is connecti'd to the body wall by numerous strong 
coarse fibrous bundles, as is the case with most Oligochaetes. The 
pharyhx occupies the next two segments III and IV, and is followed 
by a long narrow oesophagus which occupies from the Vth down to 
the anterior half of the Xllth segments. It is a narrow thin tube 
and Its minute structure shows no especial peculiarity to this species. 
'ITie oesophagus gradually enlarges as it proceeds caudal-ward and 
becomes continuous to the first gizzard at the Xlllth segment. 

Similarly to other Oligochaetes, the pharyngeal wall is well supplied 
with well developed salivary glands. There are noted about five 
pairs of masses of this gland attaching to and surrounding the fibrous 
bundles mentioned aliove though I could not find them respective 
ducts under a dissecting microscotie. 

The color of the gland is deep pink when fresh owing probably 
to the rich supply to the blood capillaries. In alcohol or formaline 
it is white. 

The alimentary tract of this species is characteri/ed by the pos- 
sesion of gizzards the number of which varies with individuals from 6 
or 62 to as many as 9 or 9.^ though the individuals with six gi/.Ziirds 
are most freiiuently met with. The first complete gizzard is situated 
at the XIII segment and the remaining gizzards are found one in 
each segment. The first gizzard is often weakly developed and under 
the microscope the nniscular wall is thinner and muscular areas are 
even intermingled with non-muscular areas. In XII, the iiosterior 
half exhibits a gizzard-like muscular structure in the majority of 
specimens so far examined, though its anterior half is a genuine 
oesophageal structure. 

When more than six gizzards are present usually the additional 
gizzards are found in the posterior segments and in no instances I 
have found that additional gizzards are found in front of the usual 
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first location, segment XII. The gizzards are separated from ea<^ 
other by narrow non-muscular areas whose structure resembles that 
of the oesophagus. It is occasionaly found that the portion of the 
oesophagus which occupy the segment XI or the anterior half of Xll 
are swollen, exhibiting a ring shape but differing from real gizzards 
not only in color but m softness if touched by a dissecting needle. 
The external wall of the gizzard appears white while a ring formed 
by the swelling of the oesophagus appears light pinkish due to the 
absence of the muscular coat. 

The last gizzard is followed by the narrow tubular intestine and 
occupies the two segments which become continuous to the saccular 
intestine as in other oligochaetes. 

Nephredia. Like all other species of this genus the present species 
posseses so-called mega-nephredia which attain some considerable 
dimension especially in those located in the anterior segments, with 
the exception of the first two pairs which are comparatively small or 
are rudimentary. 

The nephredia are present in all segments with the exception of 
I, II, IX and XI. Although in IX and XI much smaller vestigial 
nephredia are often present in an immature specimen, ail the tubular 
portions disappear in a medium sized specimen leaving only the 
membranous structure in the regular normal position, that is, attaching 
itself to the posterior surface of septum XI. 

The size of nephredia increases progressively down to IV in which 
segment it reaches the maximum. After IV, the nephredia become 
somewhat smaller though slightly larger than those found in the 
segments posterior to XI. 

The nephrostome is slightly enlarged and its stalk is longer and 
projected from the anterior surface of the respective septum, that is, 
the base of the stalk attaches at the front surface of the septum of 
each corresponding segment. This stalk becomes continuous immedb 
ateiy behind the septum to the much convoluted , tubdles of the 
glandular structure. At this point where the stalk unites with the 
tubules a relatively dilated tube of fibrous texture, or the diverticulum 
is also united. This dilated diverticulum runs together with the glan* 
dular tubules while the other end of the diverticulum suddenly narrows 
and opens outside. (See Figs. 5, 6.) 
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Fif? 5, Semi-dUgramatical view of the entire nephndium, showing 
especially the funnel shaped membranous development which short stalks 
unite together and attach to the septum at a. 

sept, septum, n m. nephridial membrane ; ns, nephrostome; no., nephri- 
dial opening; n t., nephridiul tube of glandular structure; nves., ne^rc- 
dial vesicle of mustular texture. 

The external openings of the 
nephredia are located along the 
outer setal line when seen under 
the microscope but are not detect- 
able externally with even moder- 
ately magnified binocular lenses. 

Nephredial Openings. 

As was stated already, the ex- 
ternal openings of the nephredia 
are indetectable ev«» by means of 
moderately high powered magnifica- 
tion. Internally however the course 
of the narrow duct which is con- 
nected with thief diverticulum into 
the body wall is very distinct and 
its opening to the exterior is very 
distmct under the microscope. . • 

The penetratbn of this narrow 
duct into the muscular layer is 



Fig. 6. Diagram of the longitudi- 
nal section of one segment showing 
chiefly the general arrangement of 
the nephridial system within the seg- 
ment. A largo continuous air space 
within the n^hridial membrane is 
also shown. The meaning of letter- 
ings are the same as in Fig. 3. 
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intei-esting. From the anterior II to XI this nephredial duct pene- 
trates into the muscular layer along the external setal line and after 
running a short distance parallel to the muscular layer bends itself 
abruptly and opens externally slightly in front of and also slightly 
extennal to the outer setal line. 
(Fig. 7 a.) Under the microscope 
the pore opens on a slightly 
elevated papillae of conical shape. 
The opening is in 

diameter. 

The nephredial ducts posterior 
to XI penetrate into the muscular 
layer along the inner setal line 
instead of the outer setal line 
and after traversing long distance 
along and parallel to longitudinal 
muscle layer bend abruptly as 
in the former cases and open 
at the position slightly in front 
and slightly outside of the outer 
setal line or, in other words, 
externally along the same line 
as with the nephredial openings 
of the anterior segments. (See 
Fig. 7 b.) 

Another peculiarity of the 
nephredial system of this species 
is the presence of the three expansive, membranous funnel-shaped, 
structures with short common stalk, the base of which attaches to 
the posterior surface of the septum. 

One of the three funnels envelopes the nephredial tubules by its 
edge while the remaining two funnels appear, •to float freely in the 
body fluid expanding like umbrellas. When the worm is dissected 
under water along the mid-dorsal line this umbrella-like membrane 
inupediately floats in the water and, on account of its expansive 
dimension together with its snowy white color, attracts the eyes at 
once. The histological structure shows that it is chiefly composed of 



Fig 7 Showing the course of the 
ncphridial vesicular tube which opens to 
the extenor in the anterior nine ••egments 
(a) and in the rest of the posterioi seg- 
ments (b) at., alimentary canal, gg., 
nervous ganglion, 1 m, longitudinal mus- 
cle layer; c.m., circular muscle layer, 
set , setae For the meaning of other 
letterings see the explanation of Fig 4 
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connective tissue in which granules of fatty-Iike substance are abun- 
dantly seen. 

As will be seen from Fig. 6 the cross section of this funnel 
structure shows that by the outer and inner walls a space is formed 
which evidently sei-ves to expand the umbrella widely or partly. 

Minute histological structures of the nephndia are nearly the 
same as tho,se already de.scribed and illustrated for instances by Bournk 
on Drawida grandis. The tubular portion contains two main tubules 
which however become single near the nephrostome that is, near 
where the diverticulum and glandular tubule unite These two mam 
tubules already mentioned are in reality composed of the trabeculae 
of the minute tubules, as illustrated by Boi'KNE. 

It IS interesting that these trabeculae are dirertl> continuous with 
the trabeculae contained in expansive membrane in which this system 
IS very rich. I'his membrane, then performs some important physio- 
logical function though exactly what kind of function it performs can 
not be stated. Thus umbrella structure is not always expanded 
widely hut in some instances it is much shriveled, owing probably to 
some adjustment of air space found inside the funnel wall. The 
function of this umbrella structure is not clear but the expan.siveness 
of its top as well as the air space formed within suggests that it 
mechanically supports the entire nephredia m proper position by 
floating It, The membrane receives very rich supply of the blood 
capillaries and is, m turn, again directly continuous with the capillaries 
in the nephredial cappillaries. The membrane is chiefly composed to 
the mass of cells which are arranged into a group of long continuous 
cell strands. Some of these strands contain cells within, which are 
filled with lipoidal granules, while in other strands the cells contain 
densely packed cytoplasm which stains di'eply with almost with any 
dye. 

Reproductive Organs. 

1 shall briefly describe the chief characters of each reproductive 
organ, though the general arrangement of the r^roductive organs is 
essentially the same as with other species of the genus. 

Spermatheca. One pair of' spermatheca is situated in segment 
VIII and the saccular portion attaches to the posterior surface of the 
septum VII/VIII which is much displaced caudal-ward. The sac is 
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somewhat circular in shape and its one comer, where a deep groove 
is formed, is continuous to a very slender tubule. The color of the 
sac is deep yellow and it can therefore be easily distinguished from 
other structures. The size of the sac is about 2.5 mm in diameter 
in an adult specimen. 

The tubule is much coiled and then ventrally opens in front of 
septum VII/VIII along the outer setal line in the intersegmental 
line between segments VII and VIII. Near the external orifice the 
tubule runs straight without showing any coil and opens to the papillae 
which is visible from the outer body surface. The tubule shows a 
very slight dilation near the terminal and no other modifications are 
noticeable in connection with this tubular ending. 

Testis. 

The testis is included within the voluminous sperm sac which is 
somewhat pear-shaped and appears in front as well as in rear of the 
septum between IX/X. The round large portion is continuous to the 
narrowed portion which protrades caudally through this septum. It 
therefore appears (though in reality it is one continuous sac) that 
the sperm sac is composed of two portions, the anterior large round 
sac and the posterior oblong sac. I may add however that in the 
worms which were collected durmg breeding season, the posterior 
smaller portion was more voluminous and larger than the anterior 
larger portion. Between these two portions is exhibited a definite 
groove or constriction where the vas deferens attaches just in front 
of the septum. 

The vas deferens is very slender but strongly coiled espiecially in 
front of the septum. The Winding tubules and the greater portion 
of tubule are located in front of thp septum and after much winding 
penetrate through the basal portion of the septum and appear in the 
rear of the septum. In this region the tubule again shows some 
loose winding while progressing caudal-ward but near the intersegmental 
line between X/XI it returns anteriorly once anif then again proceeds 
posteriorly. This tubule then gradually moves away from the median 
line towards the outer setal line through the circular muscle layer, 
who-e the glandular structure of short oblong shape is located. This 
structure just stated is the prostate gland which is sparsely covefeA 
by a few strands of muscle fibers. The gland appears deep yellow 
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and covers over the external orifice of the male pore. The vas deferens 
which entered into the muscle layer, now slightly dilates itself forming 
an atrium whose opening is found in and under the prostate gland. 

The cross section of this gland shows that the vas deferens runs 
under the glandular structure of the prostate and becomes continuous 
to a wide and trunkated space, or the atrium. 

The anterior end of the vas deferens opens to the anterior large 
sperm sac in which the testis is attached. The testis is composed of 
many separated lobes, though these are united and from one common 
base which is located at the {unction of the two portions of the sacs. 

Ovaries. 

The ovary is quite large in the adult worm, measuring about 
5 mm. long and 2 mm. wide, and is freely hung on the posterior sur- 
face of the septum X/XI. The shape of the ovary as a whole is 
somewhat round in its free end. There is no sac formation by the 

septa or so-called “ovarian sac” surrounding the ovary as is seen 

with many other species of this genus. Evidently the ripened ova 
fall off freely and are received into the ovisac. 

Ovisac. 

The ovisac is veiy large and conical in shape. Its wider mouth 
opens into segment XI in front of the septum Xl/XII. Posteriorly 
it narrows and is located in the segment XII. The posterior end of 
the ovisac is usually slightly bent and is confined in most cases in 
the segment XII. However I have often noted that the ovisac is 
much elongated and its posterior end extends as far back as the two 
consecutive septa Xll/XIII, and XIII/XIV by pushing those forming 

a sac as was illustrated by Bourne with Drawida grandis. In the 

majority of cases the ovisac contracts itself during anaesthesia or 
dissection and is evidently drawn out from these secondary’ sacs just 
mentioned. 

I have even often noted that the ovisac was completely reversed 
(inside out) suggesting that the ovisac is strongly contractil under 
extmial shock. 

The size of the ovisac is, in its contracted state, 5 mm long. 

The oviduct is enclosed within tiie septum Xl/XII. It is a slender 
and much coiled tubule having its outlet slightly caudal of the inter- 
segmental line XI/XII along the inner setal line. The tubules is very 
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thin-walled, exhibiting a velvety appearance. 

Circulatory System. 

Bourne has made very elaborate studies on the circulatory system 
of Drawtda grandts and our Japanese species in no particular way 
differs from the former species and I .shall not therefore give any 
detailed description. 

The hearts are found in the four segments from VI to IX inclusive 
as IS the case with all other Drawida species. The dorsal vessel is 
invariably covered thickly by a brownish mass. This mass when seen 
under the microscope is composed of tall, narrow cells which contain 
densely packed granules of brownish color and also fat globules. 
Neither the side branch of the ve.ssel nor delicate ves.sels are covered 
by these cells. This cellular covering comes off easily when scratched 
even gently with forceps or needles. 

The chief characteristics of Drawida hattammizu are as follows : 

Size, 216 mm. long, 7.4 mm. in diameter. 

Segments, 317. 

Pigments, deep blue-black though slightly lighter along the ventral 
side. 

Deep pink all over when small, but even in the adult stage pink 
is found mixed with the blueblack. 

Prostomium. — Prololious. 

The clitellum extends from IX to XV or XVI and is pink in color. 

Genital papilla are numerousely present in many specimens sexually 
mature. 

One pair is found in each segment from VI to iX and from XI 
to XIII. 

Dorsal pore? are absent. 

Setae 50 long. Distance betWeen ba-ab wider than dc-ba and 
dc-cd is slightly over 1/3 circumference. Absent in Segments 1. and 
11 . 

Nephrediopores open in the direction of the outer setal row but 
are not visible without the aid of high magnification. Nephredia 
arc absent in the first two anterior segments and also in X and XII. 
In the case of the first eight nephredia the outlet duct first enters 
into the circular muscle layer at the region in the immediate neigdi* 
borhood of the outer direction of the outer setal line, then traverse 
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slightly outwardly before finally opening outside. Posterior to the 
segment XII the nephredial tube enters into the muscle layer between 
the outer and inner sctal line and traverse beyond the external setal 
line within the muscle before it opens at the point along the other 
antenor nephredia. 

Another peculiarity of the nephridia is the presence of three ex- 
pansive double walled membranous structures of funnel shape. A 
large space is formed between the double walls just mentiontHl I'he 
funnels are attached to the septums concerned by a short flattened 
common stalk. Two of the funnels are freely exposed hut the margin 
of one encloses the greater portion of the nephridia. 

The male pores open in the direction of the outer setal row. 

Ovidual pores open in the dirtiction of the inner s<-tal row but 
ai-e slightly posterior and not in the intersegmental line XI/XII 

Spermathecal pores open m the direction of the outer setal row. 

Septa, V/VI, VI/VII, Vll/Vlll and VIII/IX are very thick and 
again XV1/XV1I~XIX/XX are almost equally thickened. 

The gizzards are six, occupying the segments XII/XVIII, in majority 
of cases, but occasionally there are seven or as many as nine. The 
first gizzard usually beings in .segment XII where, in many cases, the 
posterior half only is thickly coated with muscles. If there are more 
than six then the additional gizzards are found in the posterior seg- 
ments and never m the anterior segments. 

The spermsac is found both in front and in rear of the septum 
IX/X. The portion which appears in front is larger round but nar- 
rows suddenly and appears in the rear as an elongated sac. 

The prostate is oblong and deep yellow when fresh. It adheies 
directly to the body wall as a sessil glandular patch. 

Ovaries are large but not enclosed within the so-called “ ovarian 
chamber ”. 

The copulatory pouch is straight, though slightly dilated from the 
tube. 

The spermathecae is somewhat triangular in shape. 

A supraintestinal blood ve&sel is absent. 

Habitat. So far this specie^ has been found exclusively in Hatta 
and immediately neighboring villages in Kanasawa city along Kahoku 
lake. 
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It seems worth while to recapitulate the chief peculiarities presented 
by the Japanese species contrasted with other species in order to 
determine the extent of variability of characters within the genus. 

The position of the female openings is generally considered as 
the important generic character distinguishing it from Eupolygaster. 
In all the species so far described if the specimens were matured 
and the openings were distinctly recognizable, it invariably occurred 
in XI/XII. There are numerous species recorded in the literature 
which were studied from immature specimens in which cases the 
exact position of the female openings were undetermined but were 
always assumed to be situated in the intersegmental line and not in 
the segment. 

Among the family of Moniligastaedae, the genus Eupolygaster 
possesses the female openings in the XIII segment and not in the 
intersegmental line XII/XIII. In this genus however the ovaries lie 
in XII and the position of the last heart in X, instead of XI and IX 
respectively as is the case with Drateida. As to the number of seg- 
ments occupied by the clitellum, the present species differs much 
from the other known species. X-XIII or four segments are most 
frequently noted in the exotic species while the Japanese species 
possesses as many as seven to eight segments occupying IX -XV or 
JVIII-JXVI. Some variations in this character so far noted with 
several other known species are as follows; 

Draudda fluviatilis occupies 5 and J segments. 

D. gmndis occupies 3 and 5/6 segments. 

D. annadalei occupies 5 and 1/3 segments. 

Since the clitellum in Dmttnda is feebly developed and lacked by 
most of species which are sexually matured, we may consider that 
this variation can not be considered too seriousely for species deter- 
mination especially when we remenber that within the Japanese species 
many lack the clitellum entirely and furthermore the number of seg- 
ments occupied is not constant. 

It is interesting to mention that in this Japanese' species the septa 
are thickened in V/VI-VIII/IX as with most other known species but 
in addition the Japanese species possesses another set of thickened 
septa in XVI/XVII-XIX/XX. The occurrence of thickenened septa 
in the anterior and again in a far behind region is meptioned widi 
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DO Other species of Dratoida but was noted with the two species of 
Eupolygaster : E. viruUs and £. houtmi in which post-gizzard thickening 
occurs at XIX/XXV and XVIII/XIX-XXIII/XXIV / respectively. In 
this character the Japanese species again resembles Genus Eupoly 
gaster but differs from it in the positkMi of the ovary, ovisac, and 
last heart, which can be taken as more weighty taxonomic characters, 
so we will be justfied in classifying this Japanese worm into Drawida 
rather than into Eupolygaster. One may question whether or not 
the thickness of the septa in the posterior region always drew much 
attention in every species Dratoida recorded in the literature. 

The last point of difference is the microscopical size of the 
nephridial pores. The nephridial duct which leads to the exterior 
narrows suddeidy and its caliber is no more thick than the nephro- 
stome duct, while with the exotic species the duct leading to the 
exterior rather enlarges and as the consequence the external pores 
become very conspicuous. 

This character just stated seems to be the most unique character 
of our Japanese Drawida and requires further physiological inter- 
pretation. Search through the literature fails to find any known 
species which come closer to the present species even if we make 
very generous allowance as to climatic, local and nutritional differences, 
and I am forced to ctmclude that the Drawida s\jecies found in 
Ishikawa prefecture is a new species which is not yet record. There 
are however several reasons to suppose that the present worm is not 
an endogenous species and its original home land may in future be 
found to be elsewhere, most probably in some Kastern tropical lands. 
Some of the reasons are as follows: 

1, De^ite the fact that practically all of the knowm species 
belonging to this genus are strictly found in the tropics, this Japanese 
Drawida is found in the region of Japan where winter is very severe 
and even during the summer months the temperature is not nearly 
so high as in the subtropical countries. 

2, The worms are strictly localised to the villages near Kahoku 
Wia in Ishikawa prefecture. All attempts to find this species in other 
locafitaa of a likely producible area within a sphere of fifty miles 
fades, and evum in the next villages were unsuccessful. 

3, In Hatta vittagg the worms are so numerous that hundreds 
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may be gathered within one hour but the species found is onJy one. 
I have examined a large number of smaller and larger worms with 
melanic differences with or without papilla macrosrxipically and some 
microscopically but failed to find worms with any deviation of im- 
portance from the species here described- in this present report. 

4. Strict localisation to a narrowly limited teritory was accom- 
plished by mutual agreement among the villagers concerned to prohibit 
im{iorting the young rice plants even in case of failure of their rice 
nursery beds, or of any other live plants in fear of the stowaway 
journey of these worms with the soil attached to those plants. Such 
observance of the regulation can not be imagined as having been 
practiced during historically long ages. 

5. A rather sudden appearance within a recent period seems 
reasonable from various stories told concerning the origin of this 
giant worm in Fiatta village. Among the storicji the following is one. 
Years ago a young man of wealth was engaged to a poor girl of 
the village but married another girl in the villa instead. The first 
girl drowned herself from anger exclaiming that she would become 
an earthworm and exterminate the young rice plants of the unfaithful 
man. That was how this snaky and hairy worm become aboundnnt 
only in this village. 

This story seems to suggest that the worms appeared in abundance 
rather suddenly to this village and such an appearance may not be 
of too ancient origin, as there is no case of ancient tale or folk lore 
in connection with the earthworms. We can imagine that a rather 
sudden appearance in someone’s rice field was explained by the 
ignorant, superstitious villagers by the story given above. 

My fir.st expectation for the original home land of this species 
was either India, Java or the Philippine islands from the reason that 
this Hatta village, where this worm is found and localised, is famous 
as the birth place of a hero merchant and explorer who lived there 
about eightly years ago and who, according ^ popular belief, had 
traded in person with those various countries, 

This popular hero, Gohei Zeniya, had accumulated enormous 
wealth from forbidden foreign trade, but unfortunately, he died in 
1852 in a prison. 

Gohei Zeniya, the merchant and explorer, is said to have 
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brought many curios together with living plants in his big sailing 
ships. Naturally I attempted to trace the original habitate^ of this 
worm in those tropical countnes, India/Ceylon, the Philippines, Borneo, 
etc. 

Unfortunately Gohei Zeniya left no record of his adventures, 
probably from fear of the discovery of his guilt which carried the 
death penalty at that time. Every effort has been made by historians 
in searching for even a hit of fact which would substantiate the 
popular belief in this foreign expedition, but they have not yet been 
rewarded. 

At any rate, if the same species is found, or I am able to identify 
this Japanese species with any other known species living in the 
countries mentioned, my hypothesis is strengthened so that I may 
consider that the Japanese Ihaimda was accidentally transported by 
Zeniya. Then this worm may furnish a key to solve this historical 
puzzle of long standing as to his whereabouts, but as was stated 
above the Japanese Drawida differs in too many important characters 
from the known exotic species and I am forced to consider it as a 
new species of Drawida which has not yet been found in other 
countnes. 

If this Japanese species was of insignificant size, we might then 
be reasonably as.sured that this species is still waiting for discoveiy. 
However its enormous body size and great fertility suggest that this 
species, if living in India where even very minute sized Drawida are 
named, could not have escaped the notice of zealous naturalists there. 

If the species were actually imported, as 1 imagine, then the same 
species might be found in future in tropical lands other than India 
and more likely in the Philippine Islands or in Java where Gohei 
Zeniya is supposed to have visited, judging from his jwissession of a 
large quantity of calicos and numerous other articles characteristic 
of the countries mentioned. 

Drawida japonica js the only other known species mentioned 
living in Japan but original paper of Michaelsen failed to mention 
its locality. 

At any rate, the present writer awaits with great interest the 
rediscovery of Drawida hattamimizu somewhere else than in Japan, 
in other tropical lands, since there are still left much unexplored 
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territory for the Drawidan species in the Philippine Islands, hundreds 
of South Sea Islands, Siam, Indo-China, etc. though not much of it 
is left in India. ■ Therefore, if the Japanese species were really trans- 
ported from the tropics, as I imagine, then we may yet uncover its 
real homeland in the future. 
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On the Reproductive Process of the Earthworm, 
Pheretima commun^sima, (Goto et Hatai). 

Part I. 

By 

Minoru Oishi. 

(Biological Inititute, Tlihoku Imperial University, Sendai, Japan). ^ 

(With PI. XV and 3 Text-figures) 

INTRODUCTION. 

According to A. J. Grove (1925), the diverging views as to the 
reproductive processes of the Earthworm may be summarised as 
follows : 

“ (1) That during sexual congress the two worms are so placed 
that the clitellum of one is opposed to segments 9-11 of the other; 
that the discharge of spermatozoa is mutual, and that the seminal 
fluid is conducted along two grooves or furrows in each worm from 
the apertures of the vasa deferentia to the clitellum, where it ac- 
cumulates about the apertures of the spermathecae of the other, and 
passes thence into them. (Hering, Andrews). 

(2) That the seminal fluid passes along a tube formed by the 
adposed hoUowed-out vessel surfaces of the two worms. (Cerfontaine). 

(3) That the seminal fluid passes along two tubes formed by the 
adposition of grooves on the sides of each worm. This arrangement 
introduces the difficulty of simultaneous discharge, and infers that the 
discharge is not mutual. (Coix). 

(4) Divergence of view as to the relative positions of the two 
worms.” 

And GrDVe himself has given firstly very careful and detailed 
accounts of the reproductive processes of Lutnbricus. Then just sub- 
sequent to this, he and his co-worker L. F. Cowley (1926) again 
have studied the same aubjeckin Euenia foetula, and Karm Narayan 
Bahl in Eutyphoeus walotoni. So they have finally disposed of 
remaricabie differences in the hitherto incorrectly given descriptions 
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upon the very subject in different reports and text-books. 

In the rejiroductive processes of the Japanese Earthworm, Phere- 
ttma communisstma (Goto et Hatai), the mode of exchange of the 
seminal fluid between two worms i.s entirely different from those 
described by Grove and his co-worker and differ somewhat from the 
case of Eutyphocus. In fact, the process is altogether more simple 
and direct than that of Eutyphoeus. 

On account of the scarcity of any literature concerning the re- 
productive processes of the Japanese Earthworms, I have made these 
observations upon the phenomena 

My thanks are due to Professor Hatai, whose encouragemi nt and 
suggestions have been of great value to me. 

MEFHOD-S 

Under natural conditions, as stated by previous observers, P. 
commumssima come to the surface to feed and for reproductive pur- 
poses, only between twilight and dawn, and as such conditions are 
not specially convenient for close study, an attempt was made to 
reproduce these conditions m the laboratory. The worms were placed 
in a large, flattened photographic bath that cxjntained some 3 cm. of 
earth. This earth was usually brought from some place where worms 
were naturally abundant. The bath was kept in dark 'photographic) 
room and the contents was kept moisl and warm by means of pouring 
water and a wooden cover. 

Though this was carefully done, the worms did not remain in a 
healthy, active condition ; so it was found advisable to change the 
compost at least twice a month. Under the influence of the darkness 
and warmth, stime of the worms Were continuously on the surface, 
and several examples of sexual congress were observed and could be 
photographed. 

Because of the worms’ high sensitivity to any stimuli, such as 
light, moisture, etc., it was found that, though once' connection was 
established, the worms did not become insensible to light, even to 
that of the red lamp, excepting very feeble red light. And, what is 
more, some of the worms would not tolerate even slight touching 
upon their body surface or shaking the bath itself. Therefore, some 
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close examinations of the conjugating worms were rendered very 
difficult, the photographic method was uniformly relied upon. 

To lake photographs of the pairing worms, the following steps 
were executed in order. 1) the cover of the bath was removed 
quietly with much rare, 2) a peep of red light was thrown over the 
surface of earth in the bath, seeking for the pairing worms, 3) after 
catching sight of the {lairing worms, a series of photographing mani- 
pulations and managements, such as focussing and preparing for the 
flash-light, etc., were finished within a few minutes, and then 1) a 
photograph was taken. 

In order to get rid of any unnecessary delay of time, the camera 
was set on the top of a round stool whose height was constant, so 
that it was unnecessary to focus so often. There is no need of saying 
that, while the photographing operations were being attended to, there 
were no disturbing noises or the like. Of course, there were some 
cases in which the pairing worms seemed to be uninfluenced even by 
somewhat intense red light or by a slight touching upon the worms 
directly. 'I'o eliminate any noises (or otherwise an unsatisfactory 
result would come about), even for footstejis produced by the experi- 
mentor’s approaching to the bath for observation, great care was 
paid. 

The photographing operation was scarcely over when there could 
not be seen any pairing worms on the surface of the bath, and here 
existed an awful confusion among <iii the worms that were in the 
bath. A great many wonns came out on the surface and went here 
and there, some jumping up and down in a peculiar manner, and 
others crawling away as rapidly as they could. Sometimes some of 
the worms would stray out from the bath, throwing themselves upon 
the floor and eagerly searching for their refuges. Whether this was 
caused by the force of the flashing light or the sound produced by 
the explosion of the flash light powder, the writer did not test at all. 
It is reasonable, from those facts presented by foregoing investigators, 
to attribute ils cause to the extreme intensity of light. 

For the purpose of determining the duration-time of the sexual 
congress of the worms, several series of direct observations were 
performed; and also, to determine from which pair, a proximal or a 
distal pair, of the spermathecae of one worm would be fulfilled with 
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the seminal fluid of its partner first of all. But for the phenomenon 
as just above quoted, a series of photographs of pairing worms could 
not be taken without much labour. 

Many efforts were made to obtain preserved materials of the 
conjugating worms in situ, which had been successfully secured by 
Grove and his co-worker and also by Bahl But in my case, owing to 
their mode of copulation and to their extreme sensitivity, any attempts 
at preventing the separation of the conjugating worms from each other 
were in vain. As pointed out by Grove and Bahl, the writer did 
cut the anterior part of the worms off from the tail quickly, so as 
to prevent them from getting back into their burrows. Pouring over 
the pairing worms directly the hot fixing agency also gave no good 
results. Even when both pr<x:esses of cutting off the tail and pouring 
the fixative upon the worms were finished in a few seconds, there 
was complete separation between the worms. 

In preparing serial sections of the worms, no new methods were 
employed. A primaiy difficulty, that would confront any one who 
tried to obtain these serial sections, was able to be put aside through 
washing the intestinal canal with running water. And also this 
difficulty was surmounted by making a longitudinal dorso-median in- 
cision in each worm and removing the entire alimentary canal, if the 
disarrangements of the internal organs did not interfere with his 
particular study. 

As fixing agency a 709^-alcohol-formol solution was employed. 
Serial sections were taken through the regions containing both sexual 
organs, and were stained with Delaf/eld’s haematoxylin and eosin. 

Together with these microscopical investigations, the macroscopical 
anatomy was also performed. 

Brief Life History of Pheretima communissitna, 

(Goto et Hatai) in Sendai. 

It IS worthy of notice that the life-career of P. comtnunistima 
does not last for one year round in Sendai. And its whole develop- 
mental history falls quite naturally into three general periods. 

I) Production of the germ cells, — This includes the formation of 
the germ cells, ob- and spermatogenesis, parental copulation, and 
cocoon-formation. 
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II) Embryonic and prehatching period. — This extends from fertili- 
zation to the hatching out from the cocoon ; in other words, a younger 
life in the cocoon-capsule. The phase of embryonic development seems 
to last for a relatively long time, to which more accurate observation 
must be paid, and the conclusion of this period is by no means marked. 
Generally, just subsequently to the embryonic period follows the pre- 
hatching period. At first, the chief systems and organs of the embryo 
become definitely laid down, and feeding on the albuminous substance 
stored up in the cocoon, the embryo persists in its development. Here 
the development is very slow and consists in the elaboration of the 
parts marked out during the preceeding period. In the more advanced 
embryonic stage, there are no pigments in the body-wall, and pre- 
sumably it occurs that, simultaneously to the using up of the albuminous 
substance, the characteristic pigmentatbn of the Earthworm appears. 
The length and diameter of the worm, at the very time of coming 
out from its cocoon-capsule, are respectively 3 cm. and 1.5 mm. ; the 
number of segments is almost equal to that of the fully grown one, 
and the body colour of it is somewhat brighter. 

The hatching of the worm out of the cocoon-cap.sule commences 
at the end of December of the same year as the cccoon-formation, 
and persists until April. But the hatching out from the cocoon is 
most abundant from the beginning of March to towards the end of 
April. 

III) Immature period . — This extends from the hatching out to 
sexual maturity. Very soon after the hatching out the worm begins 
to eat grains of humous earth and to grow. Up to the end of June, 
the length of the worm increases and the diameter swells rapidly day 
by day. And there are histological differentiation and the gradual 
appearance of adult characteristics, especially the clitellum. 

Thus, all over the suburbs of Sendai, we can easily collect 
‘ clitdlumed' mature worms after the middle of July. 

Just parallel to the sexual maturity, production of the germ cells 
begins; but this will be referred to the parental worm. The sexual 
life of the worm starts from the beginning of September and con- 
tinues for neatly two months,^' until death. Of course, during that 
sexual life the cooxm formation is necessarily performed. 

Towards the end of November we can not catch sight of Pheretima 
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Fi({ 1 Figurrs show tho general ch<i|>09itiuns 
of tlie generative organs of F t ommuntsstma 
shfinatically (A) The ventral view of the worm, 
showing the outer openings of the generative 
organs 'B; The inner dispositions of the ge- 
nerative organs, eliminating the right-side testes, 
vas deferens, prostate gland, ovary, oviduct, and 
also the left-side seminal vesicles and left half 
of the visceral canal lieginning from the 10th 
segment posteriorly 

P, Prostomium So Spermatical opening. Ovo, 
Opening of the oviduct. Mgp Male genital pa- 
pillae Oes Oesophagus. Cg. Cerebralganlion. 
Sper Spermathecae. (imluding the ampulla and 
diverticula) Gt Gizzard. Sev, Seminal vesMe. 
Te Testes. Vd Vas deferens. Ov. Ovary. Fun. 
Ovidurtal funnel and oviduct. Pror. Prostate 
gland Vise Visceral canal. Cl CUtellum. 


comtnunissima anywhere, 
though sometimes one or 
two entirely destroyed 
corpses may be dug out 
from some depth of 
ground. 

The Generative Organs. 
(Fig. 1.). 

Since it is necessary 
to understand the disposi- 
tion of the various parts 
to appreciate the details 
of the process of copula- 
tion and sperm exchange, 
a short description of the 
generative organs of P. 
communissima will be 
given here. 

1) Male organs . — The 
male generative organs 
consist of (a) two pairs 
of testes with two pairs 
of seminal funnel.s, in the 
tenth and eleventh seg- 
ments respectively, situated 
just prior to the distal 
pisseppiment of each seg- 
ment ; (b) two pairs of 
massive seminal vesicles, 
connected with the testes 
and. funnels in the tenth 
and eleventh segments, 
but extending (distally) 
backwards and forwards 
so as to occupy in the 
-adult worm segments 10, 
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11, 12, and 13; (c) a pair of vasa deferentia leading from the seminal 
funnels down to the eighteenth segment, where there is a comjiaratively 
wide, seminal atrium formed with its thick muscular wall ; (d) a pair 
of penial processes on the ventral side of the eighteenth segment, 
which act as copulatory organs; and (e) a pair of dorso-ventrally 
flattened prostates made of many folicle-like bodies, occupying eventually 
segments 16, 17, 18, 19, 20, and 21. The disposition of all these 
structures is illustrated in Fig. 1. 

2) Female organs. — The female generative organs consist of (a) 
a pair of ovaiies in the thirteenth segment, attaching to the distal 
surface of the disseppiment 12/13; fb) a pair of oviductal funnels in 
the same segment leading into the oviducts, which open to the ex- 
terior on the fourteenth segment by one pore lying anterior to the 
zone of the setae . and (c) three pairs of spermathecae in segments, 
6, 7, and 8, and their openings intersegmentally on 5/6, 6/7, and 7/8. 
Of these, the spermathecae are the only structures of interest in 
studying the process of copulation in the worm. There are three 
pairs of them and each consists of a thin-wailed, sac-like ampulla and 
a somewhat twitched, tube-like diverticulum whose wall is far more 
thick than that of the ampulla, blach member of the spermathecae 
opens with its own duct, which finally unites into, seemingly one 
pore. 

Direct Observaton upon the Copulating Worms. 

(I»l. XV. Figs. A. B. C. D. E. F.). 

Two worms coming out of adjacent burrows or positions meet, 
searching for their partners with their especially sensible prostomia, 
and in less than five minutes get aposed to each other in the typical 
head-to-tail position with their ventral sides applied to one another, as 
shown in the accompanying plates. The process of seeirching for then- 
partners is very peculiar. Some 3 or 4 segments of the head parts 
of each worm show a swinging motion, eagerly looking for then- 
partners’ male genital papillae. To come to the most suitable position 
the worms proceed and retire now and then, until the male genital 
papillae on the eighteenth segment of each worm come to he oppo.site 
to the spermathecal pores (7/8) of the other. Regularly, the insertion 
of the male genital papillae into the pair of the spermathecae that 
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opens between the seventh and eigirth segments intersegmentalljr, takes 
place at first ; and then next the anterior pair. By drawing in the 
ventral side, before the insertion of the genital papillae has occurred, 
each worm hollows out the ventral surface of the eighteenth segments 
and its neighboring segments containing the clitellum into a charac- 
teristic ' boat-shaped ’ depression (kahnformtffe Grube, Hemng. 1857). 
The other worm lies in this excavation. Whilst, as described above, 
the ventral body-wall of the adjoining segments of the male pores 
shows a characteristic ' boat-shaped ’ depression, there is no indication 
of deformation in any segments of the co-operating worm, where the 
spermathecal pores open. But it may be depended upon that the 
absence of such deformation has much to do with the anatomical and 
physiological points. 

The ampulla of the spermathecae is only a thin-walled sac which 
has no ability of self-contraction. In the course of copulation the 
ejaculatory atrium of the vas deferens squeezes out its content into 
the space of the ampulla, the latter only being a reservoir of the 
seminal fluid ejaculated by the former. Because of its passive function 
it might be very incovenient, if the cavity which ^ould be occupied 
by the whole spermathecae in the body-cavity of the worm would 
have been limited. Fortunately for the worm, on nineth segment there 
is a muscular gizzard that has a concrete form, and may probably 
act as a sustainer to hold out the body-cavity, much re-enforced by 
other organs and the body-wall itself. 

While the ventral surfaces of the pairing worms are in such close 
contact, a very intimate connection is established between the region 
of the male pores of the one and the spermathecal pores of the other. 
As intimately as is established the comection of the two worms, there 
are neither the slime-tube (as secreted by Lumbricua or ncff 

the paste-like slime which was observed by Bahl on Eutyphoau. 

Despite this fact, we can perceive in PI. XV. Figs. A. & E. something 
like the slime on the ventral side of one worm. On the other hand, 

PI. XV. Figs. D. & F. shows no indication of the slime secretion. 

These indicate a seeming contradiction. Careful examination shows, 
however, that this slimy substance is no more than the usually secreted 
slime that keeps moisture upon the body surface of the worm. As 
has been mentioned above, the flash-light astonished the worms and 
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made them separate from each other all at once, leaving a short thread 
of slimy substance between the two worms. And this thread-like 
feature of slimy substance was exaggerated by the strong shades given 
by the flash light. 

Next, the colouration of the conjugating worms must be referred 
to here. When the worms are in sexual congress, the colour of the 
ventral sides of them becomes more reddish than usual, with no ex- 
ception. So characteristic is this changing of colouration that one 
can be sure, whenever and wherever he sees the phenomena on the 
worms, that they are in sexual congress. Those photographs presented 
in this paper show the phenomena with a gradation of whitish shading, 
which will not exist when the characteristic colouration is too slight 
and faint. (PI. XV, Fig. C. and Fig. E.) 

Hering (1857) is the first investigator, who determined the dura- 
tion time of the sexual congress in Lumbricus, and the duration 
would cover two or three hours. Bretscher (1901) reviewed all 
observations of previous authors, saying Hkring’s determination might 
be relied upon. Grove (1925) reexamined the duration time as to 
the same species again and got the same result But, according to 
Bahl (1927), in Eutyphoeus the duration did not exceed one hour, 
probably because ‘ the time taken for preliminary adjustment is very 
small — less than five minutes.’ 

Indeed, in Pheretima comtnuntssitna, the time taken for preliminary 
adjustment is very small — less than five minutes; but four or five 
hours were estimated for the duration time, and generally for filling 
each pair of the spermathecae on the same segment, it took about 
1.5 hour at least, as the following protocol shows. 

Protocol. (20th. Oct. 1929.) 

3 o’clock p. m. 

43 minute. . .catch sight of newly copulating worms, 
and at every 10 minute the are ob- 
served. 

4 o’clock p. m. 

the same as before. 

5 o’clock p. m. *- 

20 minute. . .male processes are inserted into the 
middle pair of the spermathecae. 
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6 o’clock p. m. 

50 minute, .male processes arc mserted into the 
foremost pair of the spermathecae. 

7 o’clock p m. 

the same as before. 

8 o’clock p. m. 

20 minute. . .the pairing worms retire into their 
own burrows. 

It is noticeable that in most cases (excepting this) the time which 
is taken for the middle pair of the spermathecae to fill themselves with 
the seminal fluid, is the longest ; the reason could not be determined. 

It was true that, while m copulation, the anteiior five to seven 
segments of the co-operating worms kept free ; but on account of this, 
there was, in P. commimixstma, no such case as described by Bahl, 
“ Feeding and copulation therefore go on side by side at the same- 
time.” Although sometimes, when the photographing manipulations 
were being prepared for, one or both of the pairing worms .seemid 
to search for something with their pro.stomia, this docs not coi- 
respond to “ Feeding and copulation go on side by side.” Only the 
sensible worms felt the unusual conditions, given rise to through the 
experimenter’s managing actions or the red light, and then reacted 
timidly with inquiring manners. So if there were no such disturbing 
events, the worms were always still. (PI, XV, Fig. F.). 

The copulation of P. commumsstma is performetl in every place, on 
the surface, in the burrows of the worm, or anywhere else. And, as 
has been said by many authors, they copulate between twilight and 
dawn, although their conjugation is seen even in day time if their 
‘ population ratio ’ is relatively large. 

The Modes of Attachment and Some Anatomical F'acts. 

Already, a genera] explanation of the mode of attachment of the 
copulating worms has been given from my din'ct observatkins, but 
there are several details that need to be described fully here. 

Bahl (1927), with bis direct observations upon the living pairing 
worms and the preserved hardened specimens, states, “ There is no 
doubt that the most intimate connection between the worms is es- 
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tablished at four places, where ‘ peg and socket ’ joints are formed ” 
Looking, however, at the living conjugating worms solely, I cannot 
help noticing that there exists no such intimate connection as can be 
indicated by the expression, ‘ peg and socket ’ joints. Examination 
of PI. XV. clearly shows that the male genital papillae are simply 
fitted into the spermathecal pores of the co-operating worm. And 
the attachment is made somewhat more secure by the lying of one 
worm in the excavation of the partner, and reversely. (PI. XV, Fig. 
A and A'). 

At ordinary times, the male genital papillae are not in the pro- 
truded condition, in which there are seen in the sexual amgress and 
in some fixative.s. Therefore when the worms are going to copulate 
the male papillae must be protruded so as to fit into the spermathecal 
pores This change from the normal disposition of the male genital 
papillae into their copulatory disposition is brought about by the 
action of the muscles surrounding the genital pit. The disposition of 
the muscles surrounding the male genital openings has been determined 
by a study of serial sections through this structure, and also by 
a dissection of these muscles in hardened specimens. It has been 
found that besides the circular and longitudinal muscles, which are 
utterly continual to those of the body wall, there is another set of 
muscles in the genital area of P. communissima which aids in copulation. 

The contraction of the circular muscles and the elongation of the 
longitudinal muscle simultaneously render the male genital papillae 
protruded : a mechanism, which resembles the manner exhibited by 
the anterior part of the worm itself when it is in proceeding motion. 


The Arciform Muscles {mtiscles arciformes, 
Cerfontaine, 1890.) 

Here anoth^er set of muscles, named ‘ arciform muscles ’, will be 
referred to. They are ventro-lateral muscles in each of the segments 
14 to 25, intrasegmentally lying on the inner coelomic side of the 
body-wall. One end of each muscle terminates in the ventral median 
line {Bauchlinie, Vejdovsky; 7e Ugne median, Cerfontaine), which 
is represented by a special longitudinal muscle-band ; and the other 
end inserts into the longitudinal muscles of the somewhat dorso-lateral 
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body-waU, reaching finally to the epidermal layer through the circular 
muscle layer. (Fig. 2.) In the normal position, the body-wall stretches 
these arcilonn muscles across two points of their attachments, and 
under no circumstances is there any case in which the arciform 
musdes run alongside the body-wall. So, for example, they go over 
or sometimes pass through the prostate glands, when the glands 
are so massive. The length of each pair of these muscles is much 
divergent, and this affords a very worthy efficiency to the worm which is 
going to copulate ; that is, the ‘ boat-shaped ’ depressions on the ventral 
surfaces of the pairing worms are invariably affected by the arciform 



Text-fig 2. A right-half set of the arciform muscles with 
their respective numerical lengths, (shematized) 

Cl. Clitellum. MdL Ventral median line. Am. Arciform 
muscles. 
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muscles. The reason is as follows; 
the longer the arciform muscles are, 
the nearer dorso-Iaterally the one end 
of the muscles can get to the body- 
wall; and this fact involves in itself 
that, where there is the longest 
muscle in one segment, there must 
be manifested the deepest excavation 
on the segment, drawing the ventral 
body-wall back into the body-cavity. 
And thus, acting their respective roles 
as fully as can be allowed, the arci- 
form muscles hollow out the ‘ boot- 
shaped ’ depression on the ventral 
surfaces of the pairing worms within a 
relatively short time, and the anterior 
part of each worm containing the 
spermathecal openings is just adposed 
to the boat-shaped depression then 
constructed. In PI. XV. we see de- 
pressions of irregular shape super- 
ficially on the region near the root 
of the male genital papillae. These 
depressions are formed by the force 
of the contraction of the arciform 
muscles. Bahl (1927) has called at- 
tention to this muscle, naming it ‘ the 
^»ecial ventro-lateral muscle’, although 
he has not explained its function 
sufficiently. Comparing his text-figure, 
w h s d ht gives a semidiagramatic repre- 
sentaHon ni like muscle, with mine, I 
find the disposftMW6 of these muscles 
are decidedly different ; dwt is, Bahl’s 
is intersegment and mine intritsegment. 



Text-fig .1 Figures show the 
mode of attaching of the aiciform 
muacles, and their manner In ac- 
tion sbematically. Cross-section of 
the worm by seventeenth segment 
(A) Normal uncontrncted -state of 
muscles. (B) Contracted state of 
muscles, showing a peculier cross- 
section. 

Am Arciform muscles Lm. & 
Cm, Longitudinal and circular 
muscles of the body-wall MdL, 
Ventral median line Vise, Vis- 
ceral canal. 


As to the histological investigi^ions of the arciform muscles, a 


subsequent paper will be issued presently. 
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The contribution which needs be considered here is that of Cerfon- 
TAINE (1890), who, in describing four kinds of muscles in the body 
of the Earthworm, defines the ‘ muscles arct formes ’ (pp. 407-408). 
According to Cerfontaine, in Lumhricus and also in Eisenia his 
‘muscles ard formes' are seiviceable to cau.se a boat-shaped depression 
on one hand and ‘ bourrelets du sillon genital ’ on the other hand. 
Since there is no trace of the structure called ‘ bourrelets du sillon 
genital ’ in P. communtssima, it is by no means too bold to call the 
muscles, ‘ arciform muscles ' (muscles arciformes). 

SUMMARY 

1. As there are relatively few literatures concerning the repro- 
ductive processes of the .Japanese Earthworms, 1 intend to show the 
phenomena more clearly and exactly. 

2. For what reason 1 had to employ solely the photographic 
method, is explained and the accessory methods of investigations are 
fully given. 

3. The life-history of P. communtssima (Goto et Hatai) in 
Sendai is determined, and its general periods are settled. 

4. Full description of the reproductive processes of P. communis- 
Sima are given. And it is found that the processes are entirely 
differs from those of Lumhricus and Eisenia, and somewhat from 
those of Indian Earthworm, Eutyphoeus. 

5. The duration-time of the copulation of the Japanese Earthworm 
is determined through direct observations ; and four to five hours are 
estimated for it. 

6. The modes of attachment pf the pairing worms and some 
anatomical facts, especially of the ‘arciform muscles' are described. 

7. The observations of the cocoon-formation are not able to 
complete. 



KEPRODUCriVE PROCESSES OF THE EARTHWORM 


523 


LITERATURES. 

Andrews, E A. (1895) "Conjugation of the Brandling*'. (Amcr. Nalur Vol. 29 pp 
1021-1027) 

Bahl, K N (1927) “ On the Reproductive Procesnes of Earthworm Part I The 

Process of Copulation and Exchange of Sperms in Eutyphneus waltnni 
Mich” (Quart Jour, of Mic Sci Vol 71. pp. 479-500) 

Bergmann, W. (1903). " Untorsuchungen Uber die Eibildung bei Aiinelidrii iind Cc- 
phalopoden ” (Zeitschr f wiss Zool Bd 73 S. 278-301) 

Binham, W B (1894X "Notes on the Clitellum of the Earthworm” (Zool Anz. Bd. 
17 S 5;)-.55) 

BBETscHtii, L E (1901). " Zur Biologic der RegenwUrmer ” (Biol Zentrallil Bd 22 
S 628-550). 

CfrionfaiNE, P (1890) “ Rccherches sur le systerae cutne et le systeme musrulaire 

du lorabric terrestre, (L agneota, Hov'f)” (Arch de Bio! Tome 10 pp. 
327-428) 

Urawin, Ch (1882) “The Formation of Vegetable Mould” (A Monograph) 

Foot, K (1898) “The Cocoons and Eggs of AlMobnphora foettda" (Jour Morph. 
Vol 14. pp 481-505) 

Foot, K & Strohfll, E C (1902) “Further Notes on the Coroons of Al/nlo&ophora 
foetida" (Biol Bull Vo! 3. pp 206-213). 

Grove, A J (192,5) “On the Reproductive Processes of the Earthworm, Lumbrtcus 
terreatrit," (Quart Jour. Mn-r Sc Vol. 69 pp 245-289) 

Grove, A J and Cowi.ey, L F (1926) "On the Reproductive Processes of the 
Brandling Worms, Etaenta forUda" (Ibid Vol 70. pp 559-581) 

Grove, A J (1926) “The Relation of the Glandular Elements of the Clitellum of 
the Brandling Worms’ (Eu)«ma foettda, Sav.) to the Secretion of the 
Cocoon” (Ibid Vol 70 pp. 31-45). 

Grove, A. J (1927) “ The Passage of the Spermatozoa into the Cocoon in the 

Brandling Worms (Euema foettda, SaV.) (Ibid. Vol 71, pp. 465-477) 
Meirenhfimer, Joil. (1921). “Gescblecht und Geschlechter ” Bd I (Eine Mono- 
graphie). 

Mrazek, Al. (1907). “Die Geschlechtsverhiiltnisse und die Geschlechlsorgane von 
Lumhneulua varietgatua, Gr " (Zool Jahrb , Abl. Anat Bd 23. S 381—162) 
Perrier, E (1876) “ Note sur I'accoupplement des Lombrics.” (Arch de Zool gen. 

et expdr. T 4. pp. vii-xv). 

Perrier, E. (1874). “Etudes sur I’organisation do-, Lombneiens terretres ” (Ibid. T. 
3 pp. 331-630). 

UexkUll, j. von (1921). “ Umwelt und Innenwelt der Tierc ” (Regenvvurm, S 126- 
137). 

WiNTERSTEiN, H : Handbuch der Vergleichcnden Physiologic Bd. 2 Hillfte Energie- 
wechsel und Formwechsel 



524 


M. OI8HI 


EXPLANATION OF PLATE XV. 

These photographs will rapraaent raelly the natural manners of the eeRiwI 
connection of the Earthworm, because, as has been already explained la the text, 
the copnlatiag worms were neither toudi^ at all nor were dug out so as to 
maite them eotae to the surface of earth Except Fig. A & A^ the pbotgraphs 
are printed directly from negative plates. 

Fig. A & A' show how the male gemtal papillae of one worm ore inserted into 
the spenaathecal tunings of the other and how the body-wall of the 
root of the male gemtal painllae are hollowed out by the force of the 
arciform muscles. These photographs are produced by mlarging two 
parts of Pig. B. Such enlarging will afford us more exact knowledge 
about the mode of copulation. Something like the slime is seen between 
the ventral side of the both worms. It is nothing but the usually 
secreted slimy substance that keeps merely the moisture upon the body 
surface of the worm And it happens that this slimy substance reflects 
so strongly the flash light that we can conceive it very conspicuously. 

Sp. Spermathecal opening Mgp Male genital pspiita. 

Cl Ciitellum. 

Fig. B. Photographed on 9th. Oct. 19S29. Only the anterior parts of the body 
are exposed to the free surface. The first photograph of this observs- 
tion. xL 

Fig. C Photographed on 13th. Oct 1929. As has been quoted in the text, 
‘When the worms are in sexual congreis, the colour of the ventral 
aides of them becomes more reddish than usual with no exception.’ 
Such charscterutic changing of colouration la represented in this photo- 
graph with a gradation of whitish shading, (xl). 

Fig. D. Photographed on 20th. Oct. 1929. In this photograph the slimy sub- 

Fig. E. Photographed on 16th. Oct 1929. One of the copulating worgia exposes 
entirely its body, while the other makes its posterior part still in earth. 
(x4/5> 

Fig. F. Photographed on 91th. Oct. 1929 Relative position of the postenOr 
parts of the copulating worma will be seen clearly. As tbe anterior 
five segments of the copulating worms kept free, so in the photograph 
one of them make its anterior pftrt uplifted, reacting to some imuiusl 
condition with timid, inquiring motion, (x Ik 





Report of the Biological Survey of Mutsu Bay. 

16 . Macrura of Mutsu Bay.^> 

Bt 

Yo Yokoya. 

Department of Fishery, Faruhy of Agriculture, Tokyo Imperial University. 

(With Plate XVI and B text-ligiires.) 

The Macniran specimens conected by the survey amount to over 
400 in number representing 13 genera and 23 species. Among them, 
one genus, Paraspirontocaris and four or probably five species are new 
to science ; i. e., Paraspirontocaris kishinouyei, Spirontocaris tninvia, 
Sp. japonica, Gebia affinis and Pandaltia sp. 

By the study of the collection, we can learn many interesting 
facts, especially from the view point of the geographical distribution. 
For instance, Penaeus japonicus which has not hitherto been known 
north of Akita-prefecture on the side of the Japan Sea and whose 
northern limit of distribution on the Pacific side was probably the 
Cape Inuboe-zaki, is now found to exist even in a fully grown stage 
so far north in the bay. It is also ascertained that such forms as 
Erythropenaeus akayebi (Rathbun), Alpheus japonicus Miers, A. dis- 
Hnguendus DE Man, Latreutes lanUnirostris Ortmann, Leander serrifer 
Stimpson and Gebia majof Haan which are all rather southern 
inhabitants similarly have their existence in the bay. On the other 
hand, it is interesting that the northern form, Spirontocaris prionota 
which has already been recorded far from California and Behring 
Sea is again here collected; and concerning the new species, such as 
Spirontocaris mtnuto, Sp. japonica and Pandalus sp., their nearly 
allied forms have baen found from Behring Sea, North America or 
somewhere elset 

Finally, it is with great regret that I call attention to the death 
of Prof. K. KisRINOUYE, who promised to cooperate with me in the 
present study. ’ • 

’^Contributions from the Murine Biological Stotion, Asamushi, Aomori-Kan. No. 55. 
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Tribe PENAEIDEA. 

Family Penaeidae Bate. 

Genus PENAEUS BabbiciUS. 

1. Penaeus japonicus (Bate). 

Penaeus canahculatus var. japontctts Bati., 1888, p. 245, Pis. 31, 32, 37. 

Peraeus japonirut, Dt Man. 1911 (Siboga’), p 107. (other previous literature), 
Bals.s, 1914, p 13 

Japanese name : Kurumayebi. 

Loc. Moura. July 19, 1926 2 males. 

Off Gomijima. August 16, 1926. 1 female. 

The female specimen is 21 cm. long and 85 gr. in weight. 

General Distribution: Indo-pacific region In Japan, it has been 
well known from Kiushu, Shikoku and Honshu, but on the coast of 
the Japan Sea it has not been known north of Akita Prefecture and 
on the Pacific side never known north of the Cape Inuboe-zaki. 

Genus TRACHYPENAEUS Alcock. 

2. Trachypenaeus curvirostris (Stimpson). 

Penaeus turmrostus Stimpson, 1860, p 44, dk Man, 1907, p 436 
Parapenaeus curvirostns Rathbun. 1902, p 38, 

Trachypenaeus curvtrostrts, Balss, 1914, p. 11. 

Japanese name: Saruyebi. 

Loc. Off Nonai, August 18, 1925. 1 female. 

Futago-oshima. July 30, 1926. 2 males and 3 females. 

Okunai. July 31, 1926. 1 female 

Off Futatsuya. July 24, 1927. 3 females. 

General Distribution : Arafura sea. Japan : Kiushu, Shikoku, 
Honshu, south of Corea. 

Genus ERYTHROPENAEUS KiSHiNOUYE.” 

3. Ezythropenaeus akayebi (RAthbuM). 

Parapenaeus akayebi Ratiibun, 1902, p. 39. 

Japanese name : Akayebi. 


> KisiiiNouYF., 1929, p 283. 
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Loc. Off Tsabakiyama. July 24, 1927. 1 male and 1 female. 
General Distribution : Japan : Kiushu, Inland sea. Occurrence in 
Mutsu Bay is interesting. 

Genus CERATOPENAEUS Kishinouye.’' 

4. Ceratopenaeus dalei (Rathbu\). 

Parapenaeus dalei Rathbun, 1802, p. 42. 

Ijoc. Between Moura and Namiuchi. July 12, 1926. 1 male and 
1 female. 

Okunai. July 31, 1926, 2 females. > 

Off Shirasu. August 1, 1926. 1 female. 

Off Kawauchi. August 11, 1926. 1 male. 

Off Noheji. August 22, 1926. 1 male. 

Off Tairadate. July 24, 1927. 1 male and 1 female. 

Off Higashiokuyakata. August 10, 1927. 2 males. 

General Distribution : It has hitherto been recorded from Moji 
and Hakodate, Hokkaido. 

Tribe EUCYPHIDEA. 

Family Alpheidae Bate. 

Genus ALPHEUS Fabriciu.s. 

5. Alpheus japonicus Miers. 

Alpheus japonicus MilRS, 1H79, p 53, Ortmann, 1891, p 476, pi 36, Fig 14. 
Japanese name r Tenagatepp6*yebi. 

Loc. Off Moura. 12-13 fms. Sandy mud. July 20, 1926. 1 egg- 
bearing female. 

Between Moura-kojima and Futagojima. 12,5 fms. Sandy 
mud. July 21, 1926. 1 male. 

On the line between Oshima Isl. and Aomori, off the Marine 
Biological Station, Asamushi. 1 egg-bearing female. 

On the line between Cnpe Futagozaki and Gshinia Isl., off 
Cape Aburamezaki. 27 fms. Sandy mud. July 30, 1926. 1 
egg-bearing female. 

OKMHUCMmt 192a, p 262. 
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Betnreen Tsuehiya and Moure. August 10, 1925. 2 males and 
3 egg-bearing females. 

Off Futatsuya. July 24, 1927. 1 male. 

General Distribution: Southern Japan: Tokyo Bay, Tanagawa, 
Yokosuka, Kobe. 


6. Alpheus distinguendus de Man. 

Alpheua rapax DE Haan, 1849, p. 177, PI 45, Fi*. 2; Bate, 1888, p. 552, PI. 99. 

Fig. 1, DE Man, 1888, p 284, Ortmann, 1891, p. 481. 

Alphetu dutinguendut DE Man, 1909, p 156, PI. 7, Figs. 9-14. 

Loc. Off Aomori. 14-15 fms. Bottom mud. June 1, 1926. 1 male. 
General Distribution : Japan ; China ; Mergui-Archipelago. 

Family Hippolytidae Ortmann. 

Genus LATREUTES StiMPSON. 

7. Latreutes laminirostris Ortmann. 

Latreutes lamtmrosini Ortmann, 1891, p 506, PI. 37, Fig. B, db Man, 1907, p, 
422. 

Loc. Moura. 5 fm.s. Sand and sea-weeds. July 20, 1926. 1 male 
and 1 egg-bearing female. 

Oma Bay. August 18, 1927. 1 male. 

General Distribution: Japan: Tanagawa, Inland Sea. 

Genus SPIRONTOCARIS Bate. 

8. Spirontocaris prionota (Stimpson). 

Hippolyte pnonota Sttmpson, 1864. p. 153. 

Sptrontocaru prionota, Balss, 1914, p. 42: Schmitt, 1921, p. 52, Text-fig. 28. 

Loc. Off Arito. 19 fms. Sandy mud. August 22, 1926. 1 male. 
General Distribution : From Behring Sea to Monterey, California ; 
Japan : Aomori. 

9. I^irontocaris pectinifera (Stimpson). 

Htppolyte pectinifera, Stimpson, 1860, p. 35 
Spirontocaris pectinifera, Balss, 1914, p. 42, Text-figs. 23, 24. 

Loc. On the line between Futagojima and Cape Hanaguri^ki, 
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off N«iiuudii. Sandy mud. August 5, 1926. 1 male. 

General Distribution : Japan : Hakodate, Dsu^i, Negiahi near 
Yokohama. 


10. Spirontocaris mororani Rathbun. 

rrext-fig 1). 

Sptrontocaru momam Rathbun, 1802, p. 43, Text-fig. 16 
Loc. Between Yunoshima IsL and Asamushi. 5-6 fms. Sea-weeds. 
August 19, 1926. 3 males. 

About 1500 metres off Jogasawa. 11 fms. Sea-weeds. August 
18, 1926. 1 female. 

Off Noheji. 5 fms. Sea-weeds. August 22, 1926. 1 male. 

Off Arito. 19 fms. Sea-weeds. August 22, 1926. 1 male. 



These specimens are all smaller than the type specimen described 
by Rathbun; the largest one from between Yunoshima Isl. and 
Asamushi is 24,2 mm. long from the tip of the rostrum to the end 
of the telson. 

The rostrum is shorter than that of the type specimen and scarcely 
longer than one half the length of the rest of the carapace, and its 
tip is similar in feature to fliat of Spir. ochatensis (Brandt).* It 


Brahot. 1851, p. 120, PI. 6, Fig. 17. 
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exceeds a little the distal end of the peduncle of the first antenna. 
Four prominent teeth are on the dorsal Carina of the carapace. Of 
the two supraorbital spines the anterior is distinctly smaller than the 
posterior. 

General Distribution: Muroran, Hoj^kaido. 

11. Spirontocaris pandaloides (Stimpson). 

Htppolyte pandalmdes SliMrsoN, 1860, p ,34; Doflgin, 1902, p 637, PI 5, Fig. 3 

Spirontocaris pandaloides, de Man, 1907, p 418, PI 32, Figs 47, 48. 

Japanese name: Tunonagamoyebi. 

Loc. Between Yunoshima Isl. and Asamu.shi. 5-6 fms. Sea-weeds. 

April 29, 1926. Numerous specimens of both sexes. 

Off the mouth of the Shimizugawa. 17 fms Sandy mud. July 
1926 Many specimens. 

Moura. 5 fms. Sea-weeds. July 20, 1926. Many specimens. 

About 1500 metres off Sumichigai. 9 fms. Sea-weeds. August 

11, 1926. Many specimens. 

Off Nohejj. 5 fms. Sea-weeds. August 22, 1926. 6 males and 

2 females. 

Oma Bay. August 18, 1927. 1 male. 

Rostrum with 7-10 teeth above, 9-12 below. 

General Distribution : Hakodate to Inland Sea of Japan ; Corea 
Strait. 


12. Spirontocaris geniculate (Stimpson). 

Htppolyte gemculata Stimpbon, 1860, p 34, Ortmann, 1891, p. 503, PI. 37, Fig. 3. 
Spirontocaris pemculata, Rathbun, 1902, p. 45, Text-fig 19. 

Spirontocaris alcimede de Man, 1907, p 416, PI. 32, Figs. 42-46. 

Japanese name: Kosimagarimoyebi, Kusakosiyebi. 

Loc. Between Yunoshima Isl. and Asamushi. 5-6 fms. Sea-weeds. 
Many specimens of both sexes, 
do. August 23, 1927. 2 immatures. ' 

Moura. 5 fms. Sand and sea-weeds. July 20, 1926. 2 males, 
and 1 immature. 

Off Sumichigai. 9 fms. Sea-weeds. August 11, 1926. 6 males 
and 6 females. 
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Off Noheji. 5 fms. Sea-weeds. August 22, 1926. 3 males and 
1 female. 

Off Arito. 19 fms. Sandy mud. August 22, 1926. 1 male. 
The coast of Tsuchiya, among sea-weeds. August 23, 1926. 
7 males. 

The mandible in the specimens here examined, is furnished with 
a palp in two segments, while m the figure given by Ortmann the 
palp seems to he three segmented. Some specimens are armed with 
a minute branchiostegal tooth on either or on both sides. Rostrum 
with 5-7 teeth above, 6-7 below. The external maxilliped is provided 
with a rudimentary epipodite in the present specimens, but in other 
respects it agrees with the description of Spirontocaris alcimedc liK 
Man. 

On the supposition that de Man overlooked the epipodite in his 
Spirontocaris alamede his name becomes a synonym of S. geniculata 
(Stimpbon). 

General Distribution ; Japan : Hakodate, Muroran, Tanagawa, 
Tokyo Bay, Inland Sea. 

13. Spirontocaris rectirostris (Stimi’Son) 

Htppnlyte recttrtiftns Stimcson, 1H60. p. 3J; UoFLt.iN, 1902, p. 637, 1*1 3, Fig 7 

SpiTontocarif recttrostns, DK Man, 1907, p 411, PI 32, Figs 31-34, BALSh, 191 1, 
p 43 

Japanese name: Asinagamoyebi. 

Loc. Between Yunoshima Lsl. and Asamushi. 5-6 fms. Sea-weeds. 
April 29, 1926. 18 egg-bearing females. 

In front of Benten, Yunoshima lsl. January 18, 1927. 11 
females. 

Off Kanita. July 23, 1927. 1 male and 2 females, of which 
one bore eggs. 

Rostrum with 5-7 teeth above, 3 or 4, very rarely 2, teeth below. 

General Distribution: Japan: Hakodate, Aomori, Sagami Bay, 
Inland Sea, Nagasaki. 

14. Spirontocaris minuta, n. sp. 

(Text-tig 2) 

Loc. Off Arito. 19 fms. Sandy mud. August 22, 1926. 1 specimen. 
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probably male. 

Closely related to Spinmtocaris decora Rathbun” from Pacific 
Coast of North America, but different from this in the longer rostrum 
and its feature and denticulation ; the sixth abdominal is relatively 
shorter than that of the American species. 



n. sp. 

a. Entire animal, view from left 
side (x4). 

b Terminal half of the telson, 
dorsal aspect 

fifth it is pointed to a sharp t 


This specimen is 23 mm. long 
from the tip of the rostrum to the 
end of the telson ; the abdomen, 
which is moderately geniculated at 
the third segment, is almost one 
and a half times as long as the 
carapace (rostrum included). The 
free part of the rostrum is one 
and a third times as long as the 
rest of the carapace; it arises as 
an obtuse crest at a half length of 
the cephalothorax from its anterior 
border ; it projects horizontally, and 
is armed with seven teeth above 
and below. These teeth are all 
subequal in size and almost equi- 
distant, but the anterior one on the 
upper margin stands nearer to the 
nmit. The posterior one is behind 
the pooterior mar g i n ei the fffbit. 

There is no supraorbital tooCii, 
but an antennal and a branchioste- 
.gal tooth are present ; both of them 
are moderate in size. The abdomen 
is laterally compressed and rounded 
above. The fourth abdominal seg- 
ment is dfiitinctly longer than the 
fifth, and its epimeron is rounded at 
the posterior migle, while in the 
h; the sixth segment, which is a 


'^Ratiibun, 1902 . p. 896 . 
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little longer than twice the length of the fifth, is almost twice as 
long as broad; its postero-lateral angle terminates in a sharp point. 
The telson, which is about one and a third times as long as the 
sixth segment and almost equal in length to the uropods, terminates 
in a triangular point and three pairs of spinules. Of these spinules, 
the outer one is the shortest and the middle is the longest, while 
the inner one is intermediate between the two. The dorsal side of 
the telson is armed with five pairs of spinul&s. 

The eye-stalk is of moderate size and the distal end of the cornea 
scarcely reaches to the base of the third tooth on the upper margin 
of the rostrum. The first pair of antennae exceed the tip of the 
rostrum with a part of the inner flagellum, while the outer flagellum 
is shorter and stouter than the inner and does not reach the extremity 
of the rostrum. In the peduncular segments, the first is the longest 
and the succeeding two segments are shorter than the first, and each 
of them is armed with a sharply pointed spine at the external extremity. 
The stylocerite is terminally pointed and reaches the extremity of the 
first peduncular segment. In the second pair of antennae the ba.sal 
segment is terminally produced to a sharp point, and the scaphocerite 
scarcely attains to the level of the rostral extremity; the flagellum is 
about as long as the body-length without the rostrum. The external 
maxiliiped is furnished with a rudimentary epipodite, but not with 
an exopodite. In the pereiopods the anterior three pairs are provided 
with epipodites. The carpus of the second pair is divided into seven 
articles, in which the second is the shortest and the third is the 
longest. The posterior three pairs of legs are similar in feature, and 
their meri and carpi are pnovided with series of spinules on their 
posterior borders. 

15. Spirontocaris japonica, n. sp. 

(Text-fig. .S). 

Loc. Between Yunoshima Isl. and Asamushi. 5-6 fms. Sea- weeds. 

April 29, 1926. 4 young specimens. 

These specimens are of small size, the largest of which is 19,4 mm. 
and the smallest 13,5 mm. in 'total length from the tip of the rostrum 
to the end of the telson. The rostrum is armed with four teeth above 
on the proximal half, while the distal half of the rostrum is devoid 
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of teeth. These four teeth are subequa! in size and the posterior 


one is behind the posterior margin 



Text-fig 3. Sptrontocaru japoruca, n. up. 

a. Entire animal, view from left side (x6). 

b. Mandible. 


the orbit. The length of th6 
rostrum is variable according 
to the size of the specimen ; 
in the smallest specimen the 
rostrum is very slender in 
shape and reaches scarcely 
to the tip of the basal seg- 
ment of the first antenna, 
while in the largest one it 
is much deeper than that 
of the former and reaches 
far beyond the extremity of 
the peduncle of the first 
antenna, attaining to the 
extremity of the scaphocerite 
of the second antenna. There 
is no supraorbital tooth ; the 
outer angle of the orbital 
margin terminates in a 
rounded tooth or lobe, and 
an antennal and a branch!- 
ostegal tooth are usually 
furnished on the anterior 
portion of the carapace. 
Of these two teeth the for- 
mer is larger than the latter ; 
the latter is sometimes ob- 
scure. The eyestalk is rather 
large and pyriform. The 
distal end of the eye reaches 
to the anterior tooth of the 
upper margin of the rostrum. 
In the first pair of antennae, 
the stylocerite is terminally 
pointed and shorter than 
the basal segment of the 



MACRURA OF MVTSU BAY 


535 


peduncle, which is very long, especially In smaller specimens. In the 
peduncular segments the proximate is the longest 2uid the others are 
much shorter than that ; each of the segments of the peduncle is 
terminally armed with a spinule on the outer border. , 

The outer maxilliped, reaching to the level of the end of the basal 
peduncular segment the hrst antenna or a little beyond it, is furnished 
with an exopodite and an epipodite. The anterior three pairs of legs 
are also provided with epipodites. The abdomen, which is smooth 
surfaced and dorsally rounded, is geniculated at the third segment, 
where it is unarmed. The sixth abdominal segmen^ is about as long 
as twice the length of the fifth, and a little shorter than the telson. 
The pleura of the fourth and the fifth abdominal segments are pointed 
posteriorly. The telson, which carries four pairs of spinules on the 
dorsal surface, tapers gradually posteriorly and its posterior margin 
ends in the middle in a sharp tooth, and of the two spines on either 
side the outer is a little shorter than the inner. 

The species is allied with Spironto. fabricii (Kr6yer)'^ and Spironio. 
middendorffli Brashnikow.*^ From the former it differs in the follow- 
ing points. The rostrum is much longer than the length of the rest 
of the carapace, and most of the teeth on the upper margin of the 
rostrum are in front of the posterior orbital margin, These differences, 
in my opinion, are too distinct to attribute to their immaturity. From 
the latter it differs in the toothing of the rostrum and in the absence 
of the abdominal armature. 

Genus PARASPIRONTOCARIS, n. gen. 

The surface of the body is rather uneven and covered with short 
hairs. Hie rostrum projects obliquely downwards, and is laterally 
compressed ; a rib on each side is well developed and the upper 
margin is provided with small teeth, which are rather conical in shape 
and directed jiearly perpaidicular to the margin. The supraorbital 
tooth is strong and the branchiostegal tooth is also well developed, 
while the antennal is wanting. In the abdominal segments a half of 
each of the first and the fifth segments is dorsally carinated in the 

<)RATiUiu,v. 1929, p. 16, Text-fig. 16. 

(^Beashnikow, 1907, p. 166, Fig*. 23a-b. 
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medial line and the other half is provided with a paired carinae, 
while in the second, the third and the fourth segments a strong 
•Carina is on the medial line. The sixth and the seventh segments 
are dorsally rounded, but the former projects posteriorly in three 
points. The latter or the telson is provided with some minute spinules. 

■ The eye-stalk is moderate in size. The first antenna is provided 
with a well developed stylocente and bears two flagella, a stout and 
a slender one. The mandible is divided into two portions and provided 
with a palp in two segments. The second maxilliped bear a rudi- 
mentary mastigobranchia, and the podobranchia is obscurely developed. 
The external or third maxilliped is four segmented and devoid of the 
exopodite. The anterior two pairs of the pereiopods are chelate, and 
the carpos of the second is sulidivided into seven articles. 

The branchial formula is as follows: — 

h i k 1 m n o 

Pleurobranchiae --I 1 1 1 1 — 

Arthrobranchiae — — — — — — — 

Podobranchiae r? — — — — — — 

Mastigobranchiae r r r r r — — 

The new genus is nearly allied with the genus SpirorUocaris, but 
differs in its peculiar shape and the armature of the rostrum, in the 
paired carinations of the first and the fifth abdominal segments, and 
in the branchial formula. The spinules of the telson, in this genus, 
are very obscure under the naked eye. 

15. Paraspirontocaris kishinouyei, n. sp. 

CPI XVI, figi. 1-6' 

Loc. On the line between Kanita and Yokohama, off Oshima Isl. 
July 17. 1927. 1 male. 

Off Tairadate. July 24, 1927. 1 male. 

The specimens are 27,9 and 22,5 mm. in length, measuring from 
the tip of the rostrum to the end of the telson. The body is rather 
stout and covered with short hairs. The carapace including the 
rostrum is about one and a half times as long as the abdomen, and 
dorsally carinated in the medial line. This dorsal carina of the 
carapace is armed with two small tubercles and is slightly notched 
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alx»ve the base of the supraorbital tooth. The rostrum, which projects 
oblittuely downwards, is not only laterally compressed but also provided 
with a rather strong rib on each side and is a little longer than two 
thirds the length of the rest of the carapace. On its superior margin 
it is armed with minute teeth which are rather conical in shape and 
stand at right angles with the margin. At the base of the rostrum 
there is a very strong supraorbital tooth on each side, directing 
forwards and outwards. At the branchiostegal angle the carapace 
is dilated outwards and forwards to a sharp point, but is devoid of 
any antennal tooth. 

The eyes are moderate in size. The first pair of the antennae 
exceeds the distal end of the rostrum with a part of the flagella, in 
which the outer is much thicker than the inner ; in the peduncular 
segments the proximal is longer than the succeeding two segments 
together. The stylocente is well developed, almost reaching the middle 
of the second peduncular segment, and, terminally, obtusely pointed. 
The distal two peduncular segments are subequal in length and the 
proximal one is elongated at the distal outer corner to a sharfi point. 
The second antenna is about as long as the body without the rostrum 
and the telson, and furnished with a well developed scaphocente 
which almost readies the distal end of the flagellum of the first 
antenna, and its blade exceeds the tip of the outer spine. 'I'he 
mandible is divided into two parts and furnished with a palp in two 
segments. At the base of the second maxilhped there is a lobe on 
the outer margin, and this lobe extends downwards to a thin lamella 
which is evidently a rudimentary mastigobranchia The upfier [xirtion 
of this lobe is thick and provided with a number of small branching 
lobes. The lump of these lobes is probably a rudimentary podobranchia. 
The external maxilliped reaching the distal end of the scaphocerite 
is four-segmented Rnd devoid of exopodite. And its distal segment 
is terminally provided with a series of spinules The first pereiopod 
is stout and’ chelate; the tip reaches the middle of the terminal seg- 
ment of the external maxilliped. The second leg, which reaches the 
distal end of the antennal scale, is slender and bears a small chela; 
the carpos is subdivided ii^to seven segments, in which the third is 
the longest of all, the distal one succeeds it in length, and the 
remaining five segments are much shorter. than any of the above 
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described. The following three pairs of legs are like in feature and 

as long as or somewhat longer than the second leg. The terminal 

segment or the dactylus is short and on the posterior margin as Well 
as on the propodus and the mums there is a series of spinules, which 
vary in number. A mdimentary mastigobranchia is provided on each 
of the external maxillipeds and the anterior three pairs of legs. 

Of the abdominal segments, the first is dorsally armed with two 

spinular tubercles in pair on the anterior portion, while the posterior 
half is dorsally carinated in the medial line. The succeeding three 
abdominal segments are dorsally strongly carinated in the medial 
line, and these carinae are more or less posteriorly pointed. In the 
fifth abdominal segment the anterior half is dorsally carinated in the 
medial line, while the posterior half is dorsally rather flat surfaced, 
and a pair of obtuse carinae extend backwards to two acute points. 
The sixth abdominal segment is dorsally rounded, but the posteriot 
margin is produced backwards to an acute point : besides this it is 
pointed backwards on each side. The lateral plates or the pleura 
are rounded in the anterior four abdominal segments, while in the 
fifth and the sixth they are posteriorly pointed. The telson. which 
is longer than the preceding two segments together and exceeds the 
tip of the uropod, is armed with two pairs of spinules on the lateral 
margins and with one or two pairs on the posterior margin. 

I examined some specimens of the nearly allied species of both 
sexes in the collection of Aichi-ken ; the specimens in this collection 
are all larger than the present specimens ; one of them is 52 mm. 
long, and the second abdominal segment of the female is broader 
than that of the male. 

Family Fandalidae Batk. 

Genus PANDALUS Leach. 

17. Pandalus latirostris Rathbun. 

Pandaltu lohrostns Rathbon, t90Z, p. 46, Text-fig. 20, 21, • 

Loc. 6ma Bay, August 18, 1927. 45 specimens. 

The body length, measuring from the tip of the rostrum to the 
end of the telson, is 119 mm. in the largest and 49 mm. in the smallest 

In the larger specimens, these samples coinside with the description 
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of Rathbun in all respects but in the armature of the rostrum. The 
rostrum is armed with 14 to 18, very rarely 20, above, of which 4 
or 5 are on the carapace, and with 9 to 13 teeth on the lower margin. 
In all but one specimen the rostrum is armed with a subterminal 
tooth on the upper margin. 

The body is nearly naked and smooth, but in the large specimens, 
there are some areas beset with very short hairs on the gastric region 
and near the lateral margin of the carapace. 

In the smaller specimens, there are some variations in relative 
dimensions. The rostrum is comparatively lunger, and it is one and 
two-thirds times as long as the carapace; therefore, the carapace, 
including the rostrum, is longer than the abdomen with the telson. 
The scaphocerite of the second antenna is also elongated, correspond- 
ing to the length of the rostrum, so that the outer maxilliped does 
not reach to the middle of the scaphocerite. The third pair of legs 
is long, comparing with the length of the second leg, and it exceeds 
the distal end of the second leg on the left side by one half the 
length of the penultimate segment. 

The colour is brownish red and marked with longitudinal darker 
streaks. 

General Distribution: Muroran and Tokyo. 

18. Pandalus sp. 

(PI. XVI, figs 7-12). 

Loc. Omashimote. August 18, 1927. 1 specimen, probably male. 

The specimen is 20,3 mm. long, measuring from the base of the 
rostrum to the end of the telson. 

The body is naked and its surface is smooth. The carapace 
without rostrum is about two and one-third times as long as the ab- 
domen includiliig the telson. Hie blunt medial carina on the dorsal 
surface of the carapace is produced to the rostrum. The rostrum, 
though the terminal half is unfortunately missing in the specimen, 
bears ten movable spines above and four teeth below on the proximal 
half. Three oi the upper spines are behind the posterior orbital 
margin, and in those on the inferior margin the posterior one is the 
Iwgest On the anterior margin of the carapace there are a strong 
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antennal and a small branch iostegal tooth on each side besides the 
rostrum. 

The first antenna is provided with a small stylocerite, which i? 
terminally rounded, and bears two flagella of the length of about 
one and a half times the peduncle. The scaphocerite of the second 
antenna is somewhat shorter than the carapace excluding the rostrum. 
It IS narrow in shape, but broader near the base, gradually tapering 
to the distal extremity, where the external spine projects far forwards 
beyond the blade. At the broadest point it is about seven times as 
long as broad. The flagellum is missing. The mandible is distinctly 
divided into two processes, the incisor and the molar, and bears a 
well developed palp, which consists of three segments and almost 
reaches the extremity of the incisor process In the segments of this 
palp the proximal is narrow at the base and the distal is somewhat 
longer than any of the foregoing segments. The upper lobe of the 
first maxilla is terminally rounded. In the second maxilla, the laminar 
exopodite extends backwards into the branchial chamber, and is fringed 
with long hairs on its posterior extremity as is commonly seen in this 
genus. The medial lobe or the endopodite, tapering to the extremity, 
IS distally curved inwards. In the remaining three lobes, which cor- 
respond to the protopodile, the inner margin of the basal is rather 
concave, while the anterior two lobes are well developed and their 
margins are rounded. The first maxilliped is provided with a well 
developed epipodite which is divided into two lobes, while in the 
second maxilliped it is smaller than that of the preceding pair, and a 
small podobranchial plume is attached at the base. The third maxil- 
liped somewhat exceeding the distal end of the antennal scale is 
five-segmented, and the basal segment is furnished with a rudimentary 
mastigobranchia. The second segment is very short; the third, ter- 
minating in two spinules, is the longest and the basal half is excavated 
at the dorsal surface. It is as long as two and a half times the length 
of the fourth and is one and one-fifth times aa long -as the terminal 
segment, which terminates in several numbers of spinules. Eaeh^ of 
the anterior four pairs of legs is also furnished with a rudimentary 
mastigobranchia. The first leg is styliform, six segmented, and a little 
shorter than the third maxilliped TTie second pair is chelate, bears 
the carpos subdivided into more than 50 articles in the left, while 
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in the right it is divided into about 20 articles. The latter is some- 
what longer than the third maxilliped, while the former is much 
longer than these. The third leg is stout and a little shorter than 
the second leg of the left; the merus is armed with five spinules on 
the posterior margin, the carpos with a spine, and the propodos, 
being a little compressed, is somewhat dilated at the posterior margin, 
where a number of spinules are provided. In the fourth leg the merus 
IS armed with four spinules on the posterior margin and three on the 
outer surface. The dactyli of the posterior thrtte pairs of legs are 
short and armed with a series of spinules on the posterior margins. 

The abdomen is laterally compressed and dorsally rounded. The 
sixth segment is somewhat longer than the preceding two segments 
together. The telson, which is one and a half times as long as the 
sixth, IS dorsally armed with four pairs of spinules and terminates in 
three pairs of spinules. 

The species is closely allied to Pandalus montagui tridens Rathbun'^ 
from Alaska, but it seems to be quite different from this in two main 
points, that is, in the shape of the antennal scale and in that the 
sixth abdominal segment is stouter. The fact that the antennal scale 
tapers to its extremity indicates that the species has some affinity to 
the genus Notocaris. 

Only a single specimen being found in the collection and the 
terminal half of its rostrum being missing, it is considered better to 
reserve the naming of the present species, although it is quite certain 
that it belongs to Pandalus, and it is unable to identify it as any 
species of the genus hitherto known to science. 

Family Crangonidae Bate. 

Genus CRANGON Fabricius. 

19. Crangon affinis de Haan. 

Crangon affinit de Haas, 1849, p. 183. 

Crangon pmptnquua Stimpson, 1860, p. 25; Rathbun, 1902, p. 42, Brashnikow, 
1907, p. 84 

Crangon hakodatoi Rathbun, 1902, p 42, Text-fig 16 

Crangun eonaobruaa de Man, 1S07, p. 405. 

Crangon eastiope OE Man, 1907. p. 466. 

o Rathbun, 1902, p. 901. 
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Japanese name: Yebizyakd. 

hoc. Between Yunoshima Id. and Asamushi. 5-6 fms. Sea-weeds. 
April 29, 1926. 7 males, 7 egg-bearing females and 2 im- 
matures. 

The coast of Namiuchi, Heinai. Sand, gravels and sea-weeds. 
July 17, 1926. 1 egg-bearing female. 

Moura. 5 fms. Sand and sea-weeds. July 23, 1926. 3 egg- 
bearing females. 

On the line between Futago-zaki and 0.shima Isl., off Urata. 
24 fms. Sandy mud. July 30, 1926. 1 female with eggs. 

On the line between Futago-zaki and 6shima Isl., off Cape 
Aburame-zaki. 27 fm. Sandy mud. July 30, 1926. 1 female 
with eggs. 

Off Futatsuya. 31 fms. .Sand. July 31, 1926. 1 egg-bearing 
female. 

Moura. 5 fms. Sand, sea-weeds. August 16, 1926. 2 egg-bearing 
females. 

Off Noheji. 5 fms. Sea weeds. August 22, 1926. 2 egg-bearing 
females. 

Off Yomogita. July 23, 1927. 5 egg-bearing females. 

Off Tsubakiyama. July 24, 1927. 1 female with eggs. 

On the line between Yokohama and Kanita, off Noheji. July 
25, 1927. 1 female with eggs. 

On the line between Oshima Isl. and Aomori, off Itazaki. 
August 10, 1927. 2 males, 5 egg-bearing females. 

6ma Bay. August 18, 1927. 3 males and 1 egg-bearing female. 
The entrance of Fukura Bay. August 19, 1927. 3 young 
specimens. 

Examining numerous specimens, 1 noticed that the species is quite 
variable and many intermediate forms between the so-called species 
C. propinquus, C. hakodatei, C. conseJmnus and C. cassiope are found. 
I therefore agree with Prof. H. Blass (1914), thid species stated above 
are nothing but synonyms of C. affinis DE Haan. 

General Distribution: Japan and Corea. 
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Family Palaemoflidae Bate. 

Genus LEM4DER DesmarEST. 

20. Leander serrifer Stimpson. 

Leander gerrifer Stimpson, I860, p. 41 ; Ortmann, 1891, p. 525, PL 37, Fig 17. 
Japanese name : Sujiyebimodoki. 

hoc. Off Fukikoshi. 22 ftns. Sand and gravels. August 23, 1926. 
5 egg-bearing females. 

Sai Bay. August 17, 1927. 1 female with eggs. 

The rostrum is armed with 11 or 12 teeth above, of which 3 or 
4 are on the carapace ; and 3 or 4 teeth are on the inferior margin 
of the rostrum. 

General Distribution : Hongkong ; Amoy ; Loochoo Isis. ; Japan : 
Tokyo Bay, Tanagawa. 

Tribe THALASSINIDEA. 

Family Callianassidae Bate. 

Genus CALUANAS5A Leach. 

21. Callianasaa subterranea (Montagu) 
var. japonica Ortmann. 

OtUianaaga petalura Stimpson, 1860, p 23. 

CalltanasM uihterrama japonioa Ortmann, 1892, p. 56, PI. 1, Fig 10 a . Doflein, 
1902, p 644; Baers. 1914, p. 91. 

Japanese name : Sunamoguri. 

Loc. The mouth of the Tanabe River. Mud. August 11, 1926. 2 
males and 3 females. 

Moura. 5 fms. Sand and sea-weeds. August 26, 1926. 1 female 
with eggs. 

General Di^rAatUm : Japan ; Tokyo Bay, Simoda, Bingo , Ha- 
koda|e. 

Genus GEBIA Leach. 

22. Gebia major db Haan. 

•cr«t-6g. 4). 

Gebia maior dk Haan, 1849^ p. 166, PI. 35, Fig. 7; Miers, 1879, p. 52; Ortmann, 

. 1892, !>; 54, PI. 1, Fig, 7. 
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Text-fig 4. Gebta major de Haan, fully 
grown specimen 

a Anterior half of carapace (x2). 
b Carapace, dorsal aspect Cx2) 

G. major, consisting .of three anter 
one being larger and longer than 


Japanese name: Anazyako. 
Loc. Asadokoro. July 13, 
1927. 3 males and 2 
females. 

General Distribution : Ja- 
pan : Katsura, Koda Bay, 
Tokyo Bay, Sagami Bay. 

23. Gebia affinis n. .sp, 
(lext-flg. 5). 

Loc. Asadokoro. July 6, 

1926. 2 males. 

Nonai. August 15, 

1927. 1 young female. 
Of the specimens from 

Asadokoro, one is 42,8 mm. 
and another 33,5 mm. long 
from the tip of the rostrum 
to the end of the telson. I 
was able to examine one fe- 
male specimen of this species, 
which is 45,8 mm. long, col- 
lected by Mr. Hiroaki Aikawa 
from the coast of Haneda near 
Tokyo. 

The species very closely 
resembles G. issaeffi Balss 
from Vladivostok and Gebia 
major de Haan, but it is 
distinctly different from these. 

The irontaj margin of the 
carapace is similar to that of 
' directed processes, the medial 
that on each side. In the present 


species, not only is the medial process somewhat narrower and more 


acutely pointed, but the lateral processes are more apart from the 
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Text-fig. B Gebia affina, n. sp. 

a. Entire animal, view from right side, h Carapace, dorsal aspect (^xd) 
c. Anterior half of carapace, view from right side. ( x 4) d Terminal half 
of 1st pereiopod, view from out side. (xB). 

medial in the dorsal aspect thfin those of G. major. Viewing it from 
the lateral side, the medial process shows in profile a line continuous 
with the upper margin of the carapace, and the lower margin obliquely 
ascends to acuminate to the fipt while in G. major the line of the 
upper margin is continuous with that of the carapace at first, but 
descends abruptly downwards at the tip and the lower margin shows 
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a nearly horizontal line in the smaller specimens. In the full grown 
specimens, the lower margin is slightly ascended to the extremity, 
where, however, it is not so acutely pointed as that of the present 
species. 

The pereiopod is alike in both sexes and similar in shape to that 
of G. ismefli The meros is stouter than that of G. major in the 
specimens of similar size, about two and a third times as wide as 
long, and its outer surface is smooth and devoid of hairs; while the 
teeth on the lower margin are sharply pointed. The carpos is armed 
with a series of small acutely pointed teeth near the upper margin ; 
this series of teeth is more prominent than that found in G. issaeff, 
and the terminal tooth is much stronger than any of the rest. The 
carpos is armed with two strong teeth on the distal margin, one on 
the lower margin and stronger than the other which is on the upper 
margin. The palm of the chela is about twice as wide as long and 
, its surface is nearly smooth and superiorly provided with three obtuse 
longitudinal carinae which are fringed with series of long hairs. In 
these carinae the medial one is the most prominent and is guarded 
with a strong tooth on each of the proximal and the distal ends of 
the canna. Between this and the outer carina it is longitudinally 
furrowed. The palma is also provided with two rows of hair bundles 
on the outer surface ; and these two rows meet behind the hinge of 
the finger, where hairs are scattered in numerous bundles. The lower 
margin is slightly carinated and furnished with long hairs. The anterior 
prolongation of the propodos or the polex is armed with a strong 
triangular tooth at the base of the inner margin The dactylos or 
the movable finger is provided with three rows of tubercles, one on 
each of the upper and lower margins, and another on the outer suf 
face. In the latter the tubercles are prominent, while in the former, 
except the proximal one or two, they are mostly much less prominent 
Beside these, on the upper margin and on each side of the lower 
margin, hairs are studded in a series, and another 'Series of hairs is 
just below the said tubercular series on the outer surface. The hairs 
on the upper margin are prominent and are longest at the base 
diminishing terminally in length. In other respects the species coin* 
cides with G. major. 
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EXPLANATION OF PLATE. 

Figs 1-6. Pamtpinniocaris kUhinouyei, n gen. n sp. 

Fig, 1. Entire animal, view from left side (xS). 

2. „ .. , dorsal aspect (x5). 

3. Mandible. 

4. 2nd maxilla. 

5. Ist mxailhped. 

6. 2nd maxilliped. 

Figs 7-12. Pandalua sp 

Fig. 7. Entire animal, view from left side, (x 5). 

8. Mandible. 

9. Ist maxilla. 

10. 2nd maxilla. 

11 * 2nd antenna of right side, dorsal aspect. ''XlO). 
12. .3rd maxilliped (xlO) 





Note on the Physico-chemical Conditions of the 
Habitat of Nereis japonica IZUKA.^) 

By 

Shichiroku Nomura. 

(Biological Institute, T6hoku Imperial University, Sendai, Japans 

In the last few years, I had opportunities to use Nereis japonica 
for various purposes, during my sojourn at the Marine Biological 
Laboratory of Asamushi. Some of the results of my experiments 
already appeared in a preliminary form (Nomura 1926), and- the rest 
will also appear in this journal in the near future. This animal is 
becoming more and more the favorite material for the workers at the 
lalxiratory, and it will be of use to put on record some of my 
observations and brief experiments concerning the life conditions of 
the worm. 

The geographical distribution of the animal covers a wide range 
extending from the Inland Sea (Seto Uchi) to Sakhalin, and both on 
the coasts of the Sea of Japan and the Pacific (Izuka, 1912). The 
animal may well be said eurythermal. The species under consideration 
has been recorded from various localities, and is believed to live in 
brackish waters, as do many allied forms. 

Brackish water animals in general are adapted to variations of 
wide ranges in physical and chemical conditions of the habitat. The 
characteristics of the brackish water are not only low concentration 
but also more or less fluctuation in its salt content (Lenz, p. 201), 
and the range of fluctuation may depend on various circumstances of 
the locality. As to the salinity or its variations in the habitat of 
Navis japon^, however, no concrete and exact data arc at hand, 
as far as I am aware. 

During my experiment, some one pointed out to me that Nereis 
japonica lives in brackish water and it would be more preferable to 
wotk with brackish water than with sea water. I tried to ascertain 


U Contribution* from the Marine Biological Station of Asamushi, Aomori-ken. No 56 
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this point, therefore, and made a few observations and brief exp«ri- 
ments. But the data presented here are not complete as bearing 
upon physical ecology of the animal, and are rather, intended to 
urge further studies by are workers at our laboratory, who are in- 
terested in this line. 

It is a well known fact that many species of Nereis are euryhaline, 
and moreover, they are the most resistant, among their associates in 
brackish water, against the changes in salinity. Examples of this fact 
are very common. 

Ferronniere reportt'd that, at the mouth of the Loire, in going 
upstream, representative marine animals and plants dropped out in 
the following order • — Arenicola marina, Linens gesserensis, Carcintis 
moenas, Sphaeroma serratus, Fucus and Lichtna, Balanus, Amphitrite, 
Cardium edule, Heterochaeta, Venniculatus, Phargmites communis, 
Boccardia ligerica, Nereis diversicolor, Palaemon, edwardsi. From this 
fact, it is evident that Nereis is one of the most resistant animals to 
fresh water. Nereis japonica is closely allied to Nereis diversicolor 
and might easily be confounded with the latter. Indeed, it was once 
identified with N. diversicolor by Marenzeller, and was later 
separated from the latter by Izuka (1908, p. 166 ; see also Face et 
Legendre, p. 118). 

From the foregoing, we may also expect an extremely wide range 
of variation in the physical conditions of the habitat of Nereis japonica. 
To ascertain this point, the auther made a few determinations of the 
properties of the water of the habitat of the animals, which he used 
in his experiments. 

The supernatant water over the sandy bottom of the habitat near 
the mouth of the small river, Shiodachi Kawa, at Asadokoro, was 
collected in a hard glass flask of one liter capacity, tightly stoppered, 
and brought to the laboratory, where examinations were made. 

The hydrogen ion concentration of the medium is well recognised 
now-a-days as one of the most important factors determining the 
distribution of many organisms. Beside specflic gravity and chlorine 
content, therefore, the approximate pH value of the water was 
colorimetrically determined. The results are given in the accompanying 
table and show clearly that the salinity of the water of the habitat 
varies over a considerably wide range from the full salinity of the 
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Table I. 



Specific Gravity 

Chlorine 


Sample of water 



content 

pH 

Water of Habitat, 

s; 

S',"’ 

gm (ler L 


Oct 17 

S^’' ---1.0176 

1 .01729 

13.66 

8.1 

Oct. 20 

S" ■’ = 1.02439 

1 02430 

18,36 

8.3 

Dec 6 

s'" =-1.0021 


1.76 

7 6 

Sea Water 
(Lalioratory) 





Oct 21 

Dec 0 

S',’ =1.0246 

1.02'6 

18. .30 

8 6 
8.6 

Fresh water, 
(Lalioratory) 





Ou 21 
flee 0 

Distil water 

Mixture 

fF. w .3 parts) 

\S. w 7 parts) 

/D w .3 parts) i 

iS w 7 parts) j 

t S = 1.000 i 

! 

1 

l.roo ' 

J 

0 027 

12 82 

1 calculated) 

12.81 

(calculated) 

8.9 

8.8 

0.6 

8.8 

8.6 


Alilireviations F W -Fresh water, S w ^-Sea water, D w, — Distilled water 


ordinary sea water'' nearly to that of oligohaline’' water. The antmal, 
therefore, must be able to resist a very low salinity. The changes in 
salinity of the water are, of course, accompanied by changes tif various 
other factors, such as osmotic pressure and hydrogen ion concentration, 
which may in turn affect the physiological processes of the animal. 
For the experimental work, therefore, we must always use as the 
medium the sea water of approximately the same salinity. Bearing 
this in mind, the following brief experiments were carried out to 
compare the effects of brackish and sea water. 

The glass vessel containing the animals, with a layer, one or two 
inches deep, of sand from their habitat, was circulated continually 

’^The specific gravity of the sea' water in the vicinity of the Asaniushi Laboratory 
ranges from 1,022 to 1.024 in the spring, and from 1.023 to 1.02.'> in the 
■r (Yazaki, pp. 287-8) “'Lenz, p. 201. 
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with sea water from the tap in the laboratory, or the sea water in 
the vessel was renewed from time to time, and the animals were 
found to survive in a good condition for weeks or months. When, 
however, tap water or distilled water was added gradually to the sea 
water in the container, so that the salinity decreased to about 70 per 
cent, of that of the ordinary sea water, as was the case with the 
water sample of October 17 (table 1), the animals became sluggish 
and inactive as if narcotised, and could not survive so long as in 
ordinary sea water. Nereis japonica, therefore, at least that of the 
locality above mentioned, is better adapted to the sea water of ordinary 
salinity than to mesohalme or oligohaline'^ waters. 

Nereis in general lives in the sand or mud of the sea shore, between 
the tide marks. When the tide is low, fresh water from the river or 
rain water from the land would dominate over the habitat of the animal. 
But the sea water may be retained' in considerable amount between 
the particles of sand, and the salinity at a small depth m the bottom 
may not be thoroughly altered, as might be supposed at the first 
glance, before the high tide comes back. Nereis japonica makes a 
temporary tube of sand particles cemented with mucus secreted round 
the body, though it is neither perfect nor elaborate. Mucus is known, 
however, as a very effective means for protection against osmotic 
changes in the medium (Paul Bert). These circumstances seem to 
aid the animal in surviving a wide range of external changes. 

In the experiments with dilute sea water, above mentioned, it was 
tried to imitate some of the natural conditions, by making a layer of 
sand from the habitat, in the bottom of the vessel containing the 
animals. The small scale of the arrangement, however, seems not to 
have allowed the conditions in the vessel to reproduce natural condi- 
tions to sufficient extent. 

The cause of death of the animals in diluted sea water can not 
be attributed to high pH values of the water, as the animals died 
both in the mixtures of fresh water — sea water and d>istilled water — sea 
water, and showed no remarkable difference between them, while the 
pH value of the latter is equal to that of the laboratorry sea water, 
in which the animals survived quite a long time in good condition. 

oLenz, loc. Cit. 
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Omotic relations must be mainly responsible. 

For the experimental work with Nereis japonica, therefore, at 
least with animals from the locality mentioned above, ordinary sea 
water is preferable as medium to dilute sea water. And in all my 
experiments mentioned at the beginning of this paper, the ordinary 
sea water was exclusively used. 

Thanks are due to Mr. Nonaka, assistant of the laboratory at the 
time I worked there, for his kindness in determining the chlorine 
content of water samples. 
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The Vegetation of Mt. Hakkoda.^) 

By 

YosHtwo Horikawa. 

(Botttniral Laboratory, Hiroshima University). 

(With I’lutes XVn-XX, and 4 Text-figures). 

INTRODUCTION. 

Mt. Hakknda stands on the northeastern end of Honshiu, the 
main island of Japan, shelving northwards its gentle sIoim' as far as 
Mut.su Bay, 14()°53' L. E. and 40° 10' L. N. in the geographical position. 
In reality it is an extinct volcano group, consisting of nine main peaks. 
The highest of these is the Odake rising 1585 meters above sea-level, 
and is formed of the pyroxene-andesites and their agglomerates."^ 

Ecologically, it is indeed a place of utmost interest, because it 
presents many different kinds of vegetation for a rather limited area 
owing to the varied eilaphic and climatic conditions to be found 
there. '' The following are only a few instances of this ; — 

1. A large number of the alpine plants, shrubs as well as herbs, 
are abundant on the peaks of 6dako, Idodake, Akakuradake, Takada- 
odake, etc. 

2. Deciduous and coniferous forests cover the most part of thesse 
peaks. 

3. Two large craters exist ; one is at Odake, another at Idodake. 
A crater-lake is at Akakuradake. 

4. Although the mountain is entirely in a dormant stage, there 
are still found sulphuretted hot springs in the surrounding region, 
being especially numerous in the neighbouring districts of Sukayu, — 
an indication that the volcano has but recently cea.sed to be active. 

0 Contribution from the Mt. Hakhada Botanual Laboratory, No. 1. 

Koto, B. On the Volcanoes of Japan HI Jour GeoL Soc. Tokyo, Vol. XXUI, 
p. 6. 1916. 

’’^Yobhii, Y. a newly established Mt. HakkAda Botanical Laboratory and lU 
Alpine Botanical Garden (Japanese). Bull, of the .Sailo Gratitude Foundation 
No. 29, 1929. 
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iThe largest of them is the Digokanuma in the Botanicil Garden 
which probably erupted roost recently and even now jets actively the 
sulphuretted hydrogen There are no historical records regarding the 
eruptions of this mountain, but we can observe the evidenci of past 
volcanic activity upon the vegetation of this mountain 

5 There are numerous streams which originate from forests and 
snow breaks The most prominent is the Arakawa As it is young 
it forms a V shaped valley with some water falls during its course 
having its effect on special jdant formations Cold spring aie not 
rare one of them is situated m Kammota, 3-4"C , m mid summer 

6 Marshes and ponds are able to be foupd here and there 
Suirenmuma and Kenasitai are two examples of them 

7 Bare regions, rocky as well as detritus, consisting of sulphate 
and aluminium compounds of volcanic origin, are also found 

8 Various kinds of moor or boggy places are scattered about 

9 Different stages of successions of various sorts, are also to be 
observed most easily here and there 

10 Large masses of snow which usually remain till the end of 
July are to be seen in certain places 

There was no very satisfactory study of the vegetation e>f the 
mountain before the establishment of the Botanical Laboratoiy, but 
of what existed, that by Tatewaki*^ m 1927, was most important 
The mam object of this paper is the general survey of the vegetation 
Withui the following pnncipal area The region includes The Ara 
kawa (700ia ) — Smyu — Sukayu — Kenasitai — Akakuradake — Idodake 
— 6dake — Isikuradake — Suirennuma — the Arakawa (950 m ) The 
data presented in this study are based on my own observations and 
researches during the last four years*' 

I wish to express here my smeere thanks to Prof Dr Y Yoshu 
to whose guidance I am indebted for this work 


M Tto Vagiftaiito uf Mt. HskkSde Sangaku Vol 22 

No Lim 

iMtS^ frtrfdi ym* tttfloclwl by author have been preserved at the 
Mrieal 4lMn*oiy of tbe tsboku Imperial University 
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THE PLANT-COMMUNITIES. 

The plant-communities are divided here into the seven main forma- 
tions : — 

I. Forest Formations. II. Aquatic Formations- 

III. Moor Formations. IV. Herbaceous Land-Formations. 

V. Shrub Formations. VI. Dwarf-shrub and Dwarf-herb 

Formations. 

I. Forest Formations. 

It is a striking fact that the floral composition of the forest is 
very simple, mainly consisting of Fagus Sieboldi, Abies Maresii, mixed 
with a few of Quercus crispula, Beiula Ermani with Sosa kurilensis. 
There is a complete absence of Picea which is widely distributed in 
middle Honshiu and Hokkaido. 

1. Pterocarya rhoifolia-Alnus hirsuta, v. at&t'nca- Association. 

This association is well developed along both sides of the Arakawa. 
The dominant species are Pterocarya rhoifolia and Alnus hirsuta, v. 
sibirica. The trees of Quercus crispula, Carpinus cordata and Acer 
pktum, ssp. eupictum, Acer japonicum, v. typicum, Acer tenuifolium, 
Ulmus laciniata are scattered here and there. Along the more ex- 
posed course and near the water, the shrubs of Alnus pendula. Diet- 
villa japonica, Salix sachalinensis and Salix Bakko have occupied 
the space. The following list is an enumeration of plants which 
commonly are plentifully found as the undergrowth : — Rodgersia 
podophylla, PetOsites japonicus, Ai^gelica polyclada, Angelica unina, 
Conioselinum univittatum, Aruncus vulgaris, Glauddium palmaium, 
Thalictrum tuberiferum, Viola brevisHptdata, IHatanthera dedpiens, 
Saussurea Tanakae, Saxifraga fusca, Oxalis Acetosella, v. japonica, 
Aderurphora remotifiora, Matteucda orientaiis; Serratula deltoides, 
Tiarella polyphylla, Cardiocrinum Glehni, Mimulus sessilifolius. Al- 
lium Victoralis, Pleurospermum hamtschaHcum, Veratram nigrum, 
Adiantum pedatum, Polygonum sachalinense, Trillium apetalon, Viola 
vagirwAa, Oenanthe aristata, v. montona, Aralia cordata, Glauctdium 
palmaium. Ranunculus hakhodensis, Arisaema amurense, Saseifraga 
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coriusaefolia, v. typcia, Diphylleia Grayi, Dryoptens viridescens, 
Dryopteris africana. Anemone altaica, Galium triftonforme, Galium 
kamtitchaticum, v. oreganum, Elatostema involucrata, Elatostema la^ 
virens. 

Some species, c. g., Aamitium pallidum, Anemone flaccida. Gym- 
nadenia Kinoshitai were observed occasionally, forming each a small 
community of its own. 

On the rocks and the rocky cliffs along the water the following 
small plants are common : — Patrinia gibbosa, Lilium medeoloides, 
Calamagrostis sachalinensis, Potentilla Dtckensii, Artemisia Keiskeana, 
Saxifrage coriusaefolia, v. typka, Blechnum amabile, Woodsia poly- 
stichoides, Thalictrum minus, v. nanum, Hypericum kamtschaticum 
and Lactuca dentata, v. Thunbergii. 

Communities of Polygonum sachalinense, Fragaria Jinumae, Rubus 
spectabilis, ssp. vemus, Artemisia vulgaris, v. integrifolia were noticed 
covering the exposed and extensive area where a landslide had recently 
occurred. Probably they show the first stage of succession to this 
association. 


2. Fagus Sieboldt-Assocxation 

This Fagetum extends widely over the mountain as far as to the 
elevation of about 900 m. forming a pure stand. The following trees 
and shrubs are sometimes found among them in small numbers : — 
Magnolia hypoleuca, Cornus controversa, Fraxinus longicuspis, Aesculus 
turbinata, Micromeles alnifoha, Phellodendron amurense, Prunus 
Grayana, Acer tenuifolium. Magnolia salmfolia. Viburnum furcatum, 
Kalopanax sciadophylloides, Sorbus Aucuparia, Lindera umbellata, 
Aucuba japonica, v. borealis, Daphniphyllum humile, Skimmia japonica. 
Ilex arenata, v. typica, f. genuinea, Ilex leucoclada, Daphne kivsiana, 
Evonymus striatus, Celastrus arUculatus, Actinidia Kolomicta, Rho- 
dodendron Albrechtii, Cephalotaxus drupacea, Lontcera Morrotoii, 
Hydrangea opuloides, v. acuminata. Hydrangea petiolaris, v. cordifolia, 
Scluzophragma hydrangeoides, Vitis Coignetiae, etc. 

The herbaceous undergrowths are as follows : — Mdianthemum 
bifolium, Crawfurdia irinervis, Polygonatam fakatum, Panax Schinseng, 
v. fopanieum, Diphidleia Grayi, Polystichum tripteron, Oreorchis patens, 
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f. gracilis, Orchis aristata, Pirbla media, Oxalis Acetocella, v. japontca, 
Trillium apetalon, Glaucidium palmatum, Dtspdrum sessile, Streptopus 
amplextfolius, Chntonia udensts, Astilhe congesta, Streptopus ajanensis, 
V. japonica, Vtola vaginata, Smtlax Oldhami, Eupatonum sachalinense, 
Paris tetraphylla, Smtlactna japontca, Ghittana Makinoi. 

3. Fagus Steboldi-Abies Manesu- Association. 

This association occurs just between the associations of Fagus 
Sieholdi lower and Abies Martestt upper, viz., on the average 900- 
1100 m. above sea-level Sasa kurilensis mostly predominates as the 
undergrowth. In some places, e. g., Digokunuma and Isikuradake, 
etc., Betula Ermant was found codominant. It seems to the writer 
that this association represents rather an intermediate stage destined 
to be suppressed at last by the Fagus Sieboldi- or Abies Manesii- 
association. Mixed shrubs aie as follows: — Vaccinium hirtum, v. 
Smalli, Vaccinium axillare, Tripetaleia paniculata. Rhododendron 
Alhrechtii, Menztesta pentandra, IJndera undiellata, Ilex leucoclada, 
Daphniphyllum humile. Ilex Sugeroki, ssp. brempedunculata, Sktmmia 
japonica, Rhus Toxicodendron, v mlgans, f. radteans. Ilex crenata, 
V. typica, f. genuinea, Ejngaea asiatica. Magnolia salictfolia, Kalopanax 
sctadophylloides. Hydrangea jieholarts, v. cordifolia, Schtzophragma 
hydrangeoides. 

As the undergrowth the following herbs are commonly present : — 
Asarum Sieboldii, Streptopus amplexifohus, Diphylleia Grayi, Panax 
Schinseng, v. japonicum, Trillium apetalon. Parts tetraphylla, Clintonia 
udensis, Platanthera ophrydioides, Crawfurdia tnnervis, Comus cana- 
densis, Maianthemum bifolium, Trientalis europaea, Peracarpa camosa, 
Oxalis Acetosella, japonica, Viola'bremshptdata, Myrmechis japonica, 
Streptopus ajanensis, v. japontca, Glaucidium palmatum, Astilhe con- 
gesta, Lycopodium serratum, Magiogyria Matsumuraeana, Blechnum 
nipponicum, Blechnum castaneum. 

4. Abies Marics»-Association. 

It is a striking feature that Abies Mariesii-iorest develops exten- 
sive, This is widely spread on the average from 1150 m. to 1450 m. 
above sea-level and almost completely surrounds the mountain. The 
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western side of Idodake is 6ne of the most luxuriant and pure stands 
in the mountain. As one ascends the mountain sides, the tree gradually 
becomes smaller and smaller until it is entirely replaced by Pinus 
pumila. The upper limit of this association is rather irregular, owing 
mainly to the climate and topography. Additional trees and shrubs 
are Acer Tschonoskti, Aat spicatum, v. ukurunduense, Acer japonicum, 
V. typicum. Viburnum furcatum. Rhododendron brachycarpum. Rhodo- 
dendron Albrechtit, Corylus rostrata, v. Steboldiana, Prunux Grayana, 
Prunus nipponica, Sorbus Aucuparia, Ilex Sugeroki, ssp. brevipedun- 
culata, Schizophragma hydrangeoides, Actimdia Kolomicta, Hydrangea 
paniculata, l^cothoe Grayana, v. Maximotoicztana, Vaccinium hirtum, 
V. Smallt, Tripetaleia paniculata, Tripetaleia bracteata, Menziesia 
pentandra, Sahx Reinii, Ilex leucoclada. Ilex crenata, v. typtca, f. 
genuinea, Echtnopanax homdus, Rubus vemus, Ilex rugosa, Ilex rugosa, 
V. Fauna, Kpigaea axtaltca. 'I'he undergrowth is mostly characterised 
by the predominance of Sasa kurilensis. The following species are 
found in this association : — Chntonia udensts, Plagiogyria Matsu- 
muraeana, Diphyllaa Grayt, Cacalta aunculata, v. kamtschaiica, 
Crawfurdta tnnertns, Tnentalis europaea, Mtlchella repens, v. undulata, 
Comus canadensis, Viola Selkirkti, Peracarpa carnosa, Maianthemum 
bifoltum, Coptis trifoha, Paris tetraphylla, Tnllium apetalon, Oxahs 
Acetosella, v. japontca, Lycopodium serratum, Chimaphila japontca, 
Pirola japonKa, Listera mppontca, Ephippiardhus Schmidtii, Mono- 
tropa untflora, Goodyera repens, Tiarella polyphylla, Aruncus vulgaris, 
Athynum melanolepis, Dryopteris Christiana, Dryoptens polylepts, 
Dryoptens dilatata, v. deltoidea, Heloniopsis hraucapa, Carex Wrightii, 
Poa alptna, Laduca dentata, v. albiflora, Shortia soldanelloides, v. 
genuina, f. typica. Anemone gracilis, Streptopus ajanensis, v. japontca, 
Cnidium ajanense. 


11. Aquatic Formations. 

1. Nymphaea tetragona, v. angusta, sv on>n/a/ts- Association. 

This is a noted feature of the several ponds of Suirennuma, bear- 
ing numerous white flowers in mid-summer. Often it is accompanied 
by Potamogeton Franchetii, Eleocharii palustris, Phragmites communis. 
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In the marginal strand there occur often Menyanthes trifoliata. Lobelia 
sessilifolia. 

The principal ecological demands for this association are a moder- 
ate depth of water (ca 1.5 m) and a muddy substratum. 

2. Menyanthes tn/b/tota-Association. 

This community occurs here and there. It represents often the 
transitional stage from the aquatic to the dried association. We 
have observed that the Nymphaeetum is replaced by thb association 
at the decrease of the depth of water, and this Menyanthetum is 
replaced by Scheuchzeria palustris when the ground becomes dry. 
In other words the succession runs in the following manner : — 
Nymphaeetum -+ Menyanthetum -> Scheuchzerietum -> Grass Land-For- 
mation. 


3. Phragmites commtinis-Association. 

The association was observed in the swamps at Digokunumayati, 
Akamizuzawa etc. Its floral composition varies according to the 
locality. Ligularia sibirica. Lobelia sessilifolia. Inula cliliaris, Spar- 
ganium simplex and Typha latifolia are the most common companions. 

4. Saxifraga iaponica-Association. 

Hydrurus grows in the clean and cold water of the Arakawa, 
attached to the rock-bed in mid-summer. A small community of 
Saxifraga japonica with a white flower is often developed at the 
place where spring water flows into the main stream. 

111. Moor Formations. 

The Sphagnum bog is developed rather Ciltensively in this locality 
on the exposed places, e. g., Kenasitai, Suirennuma, Akamizuzawa, 
Digokuyati etc. Generally speaking the developmental age is not so 
long, for the substratum bearing the organic matter is not very thick. 
It is a characteristic that Drosera rotundifoUa, Oxycoccus palustris, 
v. intermedium and Ledum palustre, v. nipponicum usually occur, being 
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accompanied by some subordinate elements. For an example, at 
Suirennuma we found the following plants in addition to the above- 
mentioned principal elements : — Andromeda polifolia, Carex stellulata, 
Carex stellulata^ v. Omiana, Carex Michauxiana, Carex aphylloptis, 
Eiophorum gracile, Rhynchospora Yasudana, Rhynchospora alba, Scirpus 
cyperinus, v. Eriophorum, Juncus prismatocarpus, v. Leschenaultii, sv. 
pluritubulosus, Juncus effusus, v. decipiens, Luzula campestris, v. 
pauciflora, Aletris foliata, Shortta soldanelloides, v. genuina, i. typica, 
Coptis tnfolia, Narthecium asiaticum, Lilium Maximowiczii, Hosta 
japonica, v. angustifolia, Sanguisorba tenuifolia, v. alba, Viola vere- 
cunda, v. typica, Ligularia calthaefolia. Inula ciliaris, Pogonia minor, 
Solidago Virgaurea. 

IV. Herbaceous Land-Formations. 

The formations include various types of associations. They usually 
develop arround the ponds and on the alluvial soils along the water 
courses. Some examples of them are as follows : — 

1. Lysichiton camtsc/iatense-Association. 

2. Veratrum stomtneum-Association. 

3. Trautvetteria palmata, v. japonica-Association. 

V. Shrub Formations. 

1. Alnus-Sorbus-Betula- Assocmtion. 

The association of this type is rather poorly developed. Two ex- 
amples from Odake are given here; one is at Hasigonobori (1250- 
1450 m), the other at Sakuranuma {1360 m). These are so densely 
covered by shrubby thickets that they are almost impenetrable, domi- 
nated by Alnus Afaximowiczii, Sorbus Aucuparia and Betula Ermani. 
The elements of this association are, by nature, greatly affected by 
their environment. In the case of Hasigonobori, Acer Tschonoskii, 
Acer spicatum, v. ukurunduense, Salix Reinii, Viburnum furcatum, 
Pmnus nipponica, Prunus kurilensis, Acer japonicum, v. typicum, Taxus 
cuspidata, Tsuga diversifoUd are found growing mixed with the above- 
mentioned dominant idiocies. The following list is an enumeration 
of its undergrowth : — As ^rubs. Spiraea betulifolia, Echinopanax 
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horrtdus, Rubus vemus. Hydrangea paniculata, v. floribunda, Rhodo- 
dendron AlbrechtiL As herbs, Cacalia aurictdata, v. kamtschatica, 
Dtphylleia Grayi, TiareUa polyphylla, Clinopodtum umhroaum, v, 
japonicum, Peracarpa camosa, Maianthemum hifolium, Veratrum 
stamineum, Streptopus amplexifolius, Streptopus ajanensis, v.japonica, 
Aiisaema amurense, Platanthera Takedai, Cntdium ajanense, Trilltum 
apetalon, Comus canadensis, Viola Selktrkh, Viola brevistipulata, 
Heloniopsis breviscapa, Aruncus vulgaris, Hosta japonica, v. angusti- 
folia. Anemone grarilis, Luzula plumosa, Carex blepharicarpa, Carex 
Mertensii, v. urostachys, Plagiogyria Matsumuraeana, Athynum mela- 
nolepis, Athyrium deltmdofrons, Dryopteris dilatata, v. delloidea, 
Dryopieris pnlylepis, Polystichum aculeatum, v. retrnso-paleaceum. 

2. Alnus Maximoiviczii-A'isociaUon. 

’I’his shrubby association is observed here and there, commonly 
over 1400 m. above sea-level, when* a pure stand is occasionally 
found. The tompanion plants are usually Cornus canadensis. Vac- 
cinium Vitis-Idaea, Orchis anstata, Matanlhemum btfolium, Shortia 
soldanelloides, v. genuina, (. typica, Aletris foliata, Coptis trifolia, 
Tnentalis europaea, Soltdago Virgaurea, Pedicularis japonica, Canim 
holottetalum, Paucedanum multivittatum 

3. Ptnus pumt/a- Association. 

This association is especially remarkable above the tree limit of 
Odake, Idodakc, Akakuradake, etc., often forming a pure impenetrable 
thicket. The following plants are nearly always found as its under- 
growth : — Ilex rugosa, Maianthemum btfolium, Echinopanax horridus, 
Trientalis europaea, Coptis trifolia, Cornus canadensis, Anemone 
gracilis, Viola Selkirkii, Solidago Virgaurea, Lycopodium complanatum. 
Lycopodium annotinum, v. angustatum. Lycopodium sitchinse, v. niko- 
ense. 

As an individual Pinus pumila comes down as far as 900-930 m. 
above sea-level, for instance, at Digokunuma, Akamizuzawa and Sui- 
rennuma. It generally creeps but sometimes stands somewhat erect 
at Kenasitai. 
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VI. Dwarf-shrub and Dwarf-herb Formations. 

1. Alpine Dwarf-shrub community. 

This community is usually developed directly above the Anus 
pumt7a-association. The area above 1460 m. is often covered with 
very compact and elastic thickets, consisting of cushion which extends 
rather widely and represents one of the characteristics of this mountain. 
The community are consisted of the following elements : — Empetrum 
nigrum, Loiseleuna procumbens, Andromeda nana, Vaedntum Vitis- 
Idaea, Ijidum palustre, v. yesoense, Phyllodoce aleutica, Dtapensia 
lappontca, v. astatica, Shortta soldanelloides, v. genuina, f. typica. 

2. Alpine Rocky-fields plant community. 

Th<‘ community of this type is developed especially on the exposed 
lava and volcanic bomb above J.5(M)m. on Idodake and 6dake. In 
such places of high elevation strong winds frequently blow. And 
this community is a peculiar group of plants, which keep their lives 
well by the best adaptation to such extreme varying conditions, and 
usually do not make so large a community. The following plants are 
common to this formation : — Pentstemon frutescem.. Campanula 
lasiocarpa, Potenhlla Matsumurae, Dtapensia lapponica, v. astatica, 
Casstope lycopotdes, Shortta soldanelloides, v genuina, f. typica, 
Hypencum hamtschaticum, Pedtcularis jajnmtca, Aletns foliata, Sedum 
Rhodiola, v. congesta, Epilobium cephalostigma, Polygonum Weyrichii, 
Carex Doenilzii, Carex Wrighttt, Carex stenantha, Deschampsia flexu- 
osa. 

Further we have noticed that the elements of these alpine plants 
were distributed downwai-ds as the chasmophytes so far as Isikuradake 
(1150 m). In this spot the following were observed : — Casstojte 
lycopoides, Diapensta lapponica, v. asiatica, Attdromeda nana, Vac- 
cinium Vitis-Jdaea, Potentilla Dickensii, Coptts trifolia, Carex Doenitzii. 

3. Alpine Herbaceous community. 

This community develops, well on the inner slopes of the craters 
of Odake and Idodake. The location is comparatively free from 
very strong winds and presents a rather mesophytlc condition. Rut 
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generally speaking, with endless varieties in local conditions, it breaks 
into very small communities, and succession can be seen here and 
there. The following plants are commonly found : — Aquilegia aJa- 
tends, Arnica unlaschensis, Sedum Rhodiola, v. congesta, Pedicularis 
japonica. Orchis aristata, Polygonum Weyrichii, etc. Geum pentapeta- 
/um-association of the western slope of Odake-crater and Trollius 
pa/uZus-association of the southern slope of Idodake-crater are the 
most distinct and are pretty wide in their area. 

Under hygrophytic conditions Genhana mpponica, Tofieldia nutans 
and Pinguicula vulgaris are frequent. Pnmula nipponica-Fauria 
Crtsta-galli-asaocmtions are most abundant on the marginal hygrophytic 
substrata of Akakuranuma, etc. 

THE ALTITUDINAL ZONATION. 

1. Forest region and foiest limit. 

It IS general that the forest region is divided into the deciduous 
broad-leaved tree zone (montane region) and the evergreen conifer 
zone (subalpine region), based on the plant composition and elevation. 
It is a regrettable matter that the environs of Sukayu, as well as the 
lower region, have been damaged formerly by cuttings and fires. 
On this account the boundary of the two above-mentioned zones is 
not distinct and represents here a very irregular and mixed forest of 
the deciduous and coniferous trees. Therefore, it is unreasonable to 
decide the boundary by using an upper limit of Fagus Sidmldi 
only, on this mountatin as is done in the European Alps by the 
upper limit of Fagus silvatica. So, here I used a most conspicuous 
conifer Abies Mariedi as a standafd-plant, and its lower limit as the 
boundary of both the deciduous and coniferous zones. This not only 
eliminates the complicated phase of the mixed forest which flourishes 
on the area running through Kenasitai — Sukayu — Suirennuma, but 
also coincides with the lower limit of Betula Ermdni on the whole. 
In this connection, it was observed by the writer that Abies Mariedi 
appears in association with Fagus Sieboldi above ca 800 m. above 
sea-level in this mountain. The for^t limit is more distinct. With 
the increase of elevation Abies Mariedi becomes a more dense, and 
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Table 1. 

Altitudinal distribution of the more frequent plant-communities. 


I 

I 



pure association and invades farther upwards, becoming smaller and 
smaller, and at last there beqpming extinct. The elevation of this 
limit is notably different in the different mountain slopes, most pro- 
bably due to the climatic conditions. 
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Fig. 4 Diagrammatic Profile from Akakuradakc to Arakawa. 


2. Shrub zone. 

As one ascends above the tree limit of Abies Mariesii, there 
occurs a complete change of physiognomy which makes us feel in- 
tuitively that we are really in alpine conditions. So-called “ Kriippel- 
giirtel’”^ which is much reported by European ecologists, is not 
clear in this mountain and generally speak’mg, the tree limit changes 
to the shrub mhe directly. As is usual in the other alpine regions 
of Japan*’, in lj»is zone Pinus pumi'/a-association is exclusively dominant, 

U ScUROcrER, C. . Da« Pflatoetilefaen der AlpeA Zurich, p. 3a, 1926 
•mAYWA. B. Tl» VefataUon of Mfc Fuji, Tokyo, 1911. 

KomzUMt, G. Genetic and forpstic pbytogeography of the alpine flora of Japan 

(Japaneaek, Bot Mag. Vol Xjptlll, p. 103. 1010- 
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attaining to as far as the summit of the highest peak of Odake. But 
at rocky fields, precipices and hygrophytic localities there observed 
numerous species of alpine dwarf shrubs and herbs instead of Pinus 
pumila. As aleady pointed out, Ptnus pumtla occurs m a far lower 
elevation of Digokunuma (870-890 m.), Akamizuzawa (900 m), Suiren- 
numa (990 m.), and Kenasitai (1000 m). This fact shows the distribu- 
tion of this plant is based on the edaphic rather than the climatic 
conditions and not much influenced by the elevation. Then the 
appelation Pintis pumtla-zono is not exact. It is often observed that 
the dispersal of the cone of this plant is carried by a crow {Nuctfraga 
caryocatactes japoniciis). The wind is not so great an agency for 
the dispersal of the wingless se(“ds as is usually thought. 

EXPLANATION OF THE PLATES. 

PLATE XVII 

Fig 1 Rodge.mta po(k)f)hylla, PelasUes japtmtca as the underherb of Pterocarya- 
Alnus Airstifo-Assoriation July 1929 

Fig 2 Kaminota, a swampy part of Konasitui (after photograph). 

Fig. 3 A part of Suirennuma, showing the damage to terminal branches of 
Ahtes Mariesti by an unfavourable soil condition Peak Takadabdake 
m the distance 

Fig 4 General view of a moor of Senninta at ta 1320 m. Fauna Cnata-galb, 
Geum pentapetalum, Pnmula ntppunua, Coptu trifolia, Narthecium 
asiaticum, Alttts foliata, Ertopkorum alpinum. Cam stelhUata, Genttana 
rnpponica are common Juncus curvatus is found in shallow pools 

PLATE XV III 

Fig. 5. Narthecium a.sia(tcum-Association in a marshy place at Digokuyati at 
ca 960 m 

Fig 6 Enophorum groci/e- Association at the same habitat as Fig. 5. 

Fig 7. l.ysichtton camtschateme- Association, flowering just after the snow has 

Fig 8 Invation of Abies Afartesn into Pifius pumtfa-Association at the ahi* 
tude of 1500 m. on the soothem side of Odake. 

PLATE XIX. 

Fig. 9 A peak of Isikura (ca 1200 m) showing a mixed growth of /Ynos 
pumtla, Ahtea Mariesu, Rhododendron hrachycarpum, Tsuga diversifolia, 

Rh Tschonoikn, v typieum. 
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Fig 10 A community of alpine dwarf shrubs - - Empetrum nigrum, Vaccimum 
Vitit-Idaea, Loueleurta pmcumhens & Pinus pumila (voung) at an a 
altitude of ca 1500 m. on Odakc. 

Fig 11. A small community of alpine dwarf plants- -Casuopc lycopoides, Pin- 
gutcula vulgaris, Geum pentapetalum, Diapensta lappumia, v genutna 
at an elevation of 1500 m. on a rocky slope of Idodake 
Fig 12 A small community of Phyllodoee aleuttca at an altitude of 1180 m on 
a IOC k-tovered held of Idodake 

FLAIE XX 

Fig 1.3 Fauna Cnsta-gMi & Primula ntppontca Association at an altitude of 
ca 1 500 m on a exposed spot on Idodake 
Fig 11 Fart of a Trolltus pa(ti/ts-AsscH‘iation mixed with a few Artemisia 
integrifnlia on the inner slope of Idodake crater (ca 1500 m) 

Fig 15 Geum pentapetalum Association an altitude of ca 1550 m 6dake-erater 
Fig 16 A small community of Pentastemon frutesrens at an elevation of ea 
14.'10m on a giavcl field of Odake. 
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iHiystobgical Studies on Drosera 
I On the Piroteal3^c Enzyme of DTo$efa rotandifoha 


By 

Kunio Okahara 

(Btological Institute T6hoku Impenal University Sendai) 

(With 4 Text figures). 

L INTRODUCTION 

It IS well known that Drosera and other so-called mscx.tivt>rous 
plants catch insects, but on the biological significance of this capture 
sa«M lay stress on the protection from the insects and others on the 
nutntive value to these fdants According to the reports of Rcr&s 
(1878), Fr. Darwin (1880) BOsgbn (1883) Kostytschpw (1923) 
and other authors, the plants grow more healthy when animal food 
18 given them than in other cases. And KosnrrscHEW (1926) says 
that the moorland where these plants grow may be poor in nitrogenous 
nourishments and mineral salts so that insectivorous plants catch in 
sects and digest them to supply the nitrogen and mineral salts which 
are tndespensable to them 

It 18 obihously known that the secretion from the leaves dissolves 
the insects' bodies, ndiile we have yet iu> particulars about the process 
of digestion CR Darwin (1875) observed the conditions of digestion, 
putting vanohs proteins on the discs of the leaves and trying the 
effects of many substances, h e water, acids salts, etc putting tht m 
on the leaves or umbantag the l^ves into them or the solution of 
'ffient, 

Itess and (1875) state that a glycerm extract of the secreted 
subfitaocefli Drosera leaves with ah additwa of weak hydrochloric 
add ^latdyed the swollen-up fibrin m f$ kxtra at 19-33T3 with the 
result tlmt the digested liquid gave |i peptone reaction 

Tatt (1875) gathered the aecreted ftdd of D dtchotoma with a 

* ContnbutKmii from the Mt. OatMnical Labomlory No i 
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feather, and dissolved it in distilled water and precipitated and purified 
the active principle by means of cholesterin. As the milk was co- 
agulated by the solution of the precipitate, he thought that the pre- 
cipitate contained a pepsin-like ferment which he called “ Droserin 

These authors have believed that the digestion of insects was 
effected by means of a “ferment”, but TrscHirrKm (1889) and 
Dubois (1890), on the contrary, were of the opinion that the process 
was due to the action of bacteria. 

White (1911) extracted the leaves of D. auricularia, D. Menziesn, 
D. Whittaken and D. peltata with water and chloroform, and found 
that the substances prwipitated from these filtrates by ammonium 
sulfate could dissolve fibrin, and gave the products giving biuret 
reaction. But the further decomposition of iieptone was not found. 
Of course, sterili/ed apparatus was used throughout his experiment 
to get rid of the bacterial action. 

Further, Deknby (1917) dialysed the glycerin-extract of leaves of 
Drosera rotundifoha through the collodium membrane, to get the 
enzyme solution, and tested for the presence of tryptase and ereptase, 
especially of iieptase. In regard to the last one he made digestive 
experiments in the solution of various acidities, i. e. pH 4, 5 and 6 
made by adding N/5 hydrochloric acid, and in all thest* experiments 
acid-albumen was applyed at 38*0. As the criterion of tlie degree 
of digestion he took the precipitation method by stannous chloride 
after 3 days’ digestion, and found that pH 5 gives the optimum 
acidity. The tests for tryptase and ereptasi* fell out negative, so he 
concluded that enzyme of Drosera-leaves is of the pepsin- and of 
neither the trypsin- nor erepsin-type. 

From the above, the digestion of insects seems to be due to a 
Iiepsin-like enzyme or one of peptases, but the whole subject of 
nutrition of nitrogenous substances in the insectivorous plants is not 
yet certainly settled. The aim of this study i^t-to find out the con- 
ditions of enzyme action, especially the acidity, the temperature, and 
the cifccts of poisons upon it, and to know what sort of pepsinase 
or peptase it is. 
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II. EXPERIMENTS 
A) Isolation of Drosera-enzyme. 

In this experiment I have used the leaves of Drosera rotundifolia 
which were collected in the vicinity of the Mt. Hakkoda Botanical 
Lalioratory, Tohoku Imperial University. These leaves excelled in 
size those from any other localitii^s, and also m the richness of the 
secretion. 

To isolate enzyme I selected the leaves free from insects’ bodies 
or any other foreign matter. About 600 g. of fresh leaves were 
bruised in the mortar, mixed with 600 cc. of glycerin, 300 cc. of 
distilled water, and a few drops of toluene, and left for several days 
at room temperature. The press juice was filtered off, and 1200 cc. 
of filtrate was obtained, which was reserved in an ice-safe after adding 
several drops of toluene. This mother solution of enzyme was of a 
reddish violet colour and also of strong acidity. The enzyme was 
precipitated as an adhering mass by the addition of acetone from about 
10 to 15 times the volume of the enzyme solution, whereby almost 
all the colouring matters remained in acetone. After the removal of 
acetone, the powder was dissolved in w'ater to alwut twice of the 
volume of the original solution. In the following experiments such 
solution of enzyme was always used. 

B) The Effect of Acid on the Enzyme. 

Ree.ss and Will (1875) used an enzyme solution acidified with a 
few drops of hydrochloric acid and White (1911) added four drops 
of 0.1^ hydrochloric acid to 100 cc. of the neutral enzyme solution. 
Recently Dernby (1917) examined the enzyme solution acidified with 
hydrochloric acid, the pH being 4, 5 and 6, and found that at pH 5 
the digestion was the strongest. According to the result of these 
authors the enzyme seems to act best in a weak acidic medium. 
Therefore I tried to determme the optimum activity of digestion in 
the solution with acidity : pH ,4--7 prepared by the addition of hydro- 
chloric acid as in the experiment of Dernby. And in these cases, 
carmin-fibrin was used and the temperature was kept at 38°C. Results 
wOTe negative, i. e., the carmin-fibrin always remained at the bottom 
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of the test-tube and its colour was dark red even after 24 hours. 
The reason why the proteolytic action in the extract of Drosera- 
leaves fell negative may probably be found in the presence of some 
obstacles or paralyzing substances with the enzyme. To get further 
insight of this point the following experiment was made. 

Experiment I. 

1 cc. of 0.05 9^ jiepsin siJution (Pepsins Scales Merck) was acidified 
with 3cc. of N/30 hydrochloric acid and 1 cc. of the Drosera-enzyme 
solution. As the control the solution of NaCl in place of Drosera- 
enzyme was added, as shown in Table I. After 0.01 g. each of 
carmm-fibnn (Ghdbler) was suspended in these tubes, they were kept 
in the thermostat at 38“C., and the digestion was observed at intervals. 


Table I. 



Orojpra-en/imc 


0.85-. NaCl 


N/30 HCl. 


O.Cft’i Pepsin- 
solution 



In (A)-solution, as the results of digestion the deep red colour 
appeared after 30 minutes, while in (B) it was very faint. 

These experiments were repeated several times, but in all cases 
the same re.sults were obtained. The digestion in (A)-tube with the 
Drosera-enzyme solution was always found to be much better than 
that of the other (B). This result differs from the above one which 
was got with the acidity of about pH 4-7. It may be caused among 
other things, for example, by the decomposition of some substances 
accompanying the Drosera-enzyme, but the most probable cause of it 
is in the strong acidity of the medium. In other words, these experi- 
ments have been executed with a strong acidity which was nearly 
equal to the optimum for pepsin. And the Drosera-enzyme may have 
an optimum acidity stronger than that of most enzymes ever known 
in plants, so that while at pH 4^7 the reaction was not clear, in an 
acidity stronger than those above given the more powerful digestion 
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may probably be caused in co-operation with pepsin. The following 
experiments show that it is really the case. 

Experiment 11. 

1 cc. «)f the Drosern-enzyme solution and 2 cc. of N/lO-N/1000 
hydrochloric acid were mixed in each test-tube, and 0.01 g. of carmin- 
fibrin each was plunged in it, and then it was placed in the thermostat 
at 38“C. Moreover, as a control, boiled enzyme solution, into which 
corresponding concentration of acid was added, was prepared, to 
compare the grade of the digestion through all experiments. 

Table II. 


Number 

solution 

IK'l 

Time of observation, (hours) 

} 1 3 .t 4 6 6 10 24 

0) 

1 cc 

, N/10 2c< 

1 

(2) 


' N/lOO ., 

I - - - + 

(n) i 


1 N/1000 .. 

j 


Remarks • {+) shows, that the diKeation had commenrtd and ths' solution 
coloured deeper than the control 

f— ) shows that the diitestion had not commenced yet 


In the case (1), the digestive action was not noticed and ev<>n 
after 24 hours the fibrin remained untouched. In (2), the colouration 
appeared stronger than that of the control in 3 hours and the fibrin 
was completely dissolved and the liquid became opaque after 1 6 hours, 
while in the control-tube the fibrin remained undissolved at the bottom 
of the tube. In (3), there was no remarkable change even after 24 
hours. 


Experiment III. 

As may be seen from the above experiments, the optimum action 
of the Drosera-enzyme take? place very probably in the range of 
acidity which results from the mixture of 1 cc. of enzyme solution 
and 2 cc. of N/lOO hydrochloric acid. To know further the optimum 
acidify for the enzyme, combinations of enzyme solution with the 
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hydrochloric acid solution of different concentrations were prepared. 
The results are .shown in Table III. 

Table HI. 



Enzyme- 

solution. 



Time of observa 

turns 


Number 

HCI 

1/4 

1/2 1 

11 2 

21 

3 4 6 

(1^ 

Ice 

N/20 2,1 






(2) 

.. 

N/40 


- + 




(3) 


N/00 



■f 



(4) 

i 

N/80 ,. 



-1- 



(5) 


N/lOO .. 





-t- 

CO) 


N/120 






CT) 

1 

N/140 






(8) 

! 

N/ir.o .. 






CO) 


N/180 ., ; 






CIO) 1 


N/200 ., 1 

- 

- - 

- - 

- 

_ _ _ 


In (1), the digestion began in 15 minutes and the fibrin was 
completely dissolved during fi hours; in (2) the digestion commenced 
in an hour and the filirin disappeared after 24 hours : while in (3), 
even after 24 hours, a few fibrin remained yet. With the decrease 
of acidity, the digestive action becomes weaker and weaker, and in 
the tube (6) in which the enzyme solution was mixed with N/120 
hydrochloric acid the digestion began after 24 hours, and in the 
others of weaker acidity was no trace of digestion evident during 24 
hours. So the optimum activity of the enzyme must be found in the 
more acidic side than that of the test with N/40 hydrochloric acid. 

Experiment IV. 

Based on the result of the Experiment 111, further experiments 
were carried on in the range of acidity of N/lO-N/lOO hydrochloric 
acid. The hydrogen-ion concentration of each solution was measured 
before and soon after the beginning of the digestion by means of a 
potentiometer. 

As shown in Table IV and Fig. 1, the optimum action of Droaera- 
enzyme is found in the mixture of 2cc. of N/20 hydrochloric acid 
and 1 cc. of enzyme solution, the pH of which is 1 .54. Thus, we 
can easily say that the optimum action of this enzyme is to be found 
in the acidity of about pH 1.5 when fibrin is used. This fact is so 
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pH 

the Drosera-exaytae 


divergent from the 
optimum acidity of 
plant enzymes ever 
known, that the 
Droseraenzyme may 
rather rank as an 
animal pepsin, at 
least in respect to 
its optimum acidity. 

C) Acids Contained 
in the Extract of the 
Leaves. 

Ch. Darwin (18 
75) observed the 
effects of some acids, 
placing drops of them 
on the discs of leav- 
es, or more com- 
monly, immersing 
them in the acid 
solutions, taking as 
the criterion of their 
effects the inflection 
of tentacles and ag- 
gregation of plasma. 
The results he ob- 


tained were as follows; 

I) Acids which cause inflection but are not poisonous: Formic, 
hydrochloric, boracic, and malic acids. 

II) Acids which cause inflection and are poiSdnous': Nitric, iodic, 
hydriodic, sulphuric, phosphoric, acetic, propionic, oleic, carboric, lactic, 
benzoic, and hydrocyanic acids. 

III) Acids which do not cause inflection and are not poisonous: 
Gallic, tannic, tataric, citric, and uric (?) acids. 

Reess and Will (1875) analysed the fluid secreted from the gland 
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of i>osera-leaves under stimulation with glass-dust, and found the 
presence of a variety of fatty acids, among which formic acid was 
recognized with certainty, and from the chractenstics of the smell the 
presence of propionic and butyric acids also were supposed. Frank- 
LAND (1875) used the same method as that of Reess and Wili,. 
He analysed the secreted fluid and found that the fluid contained no 
trace of hydrochloric, sulphuric, tataric, oxalic or formic acids. On 
the result of the analysis of silver salt he says : “ The number 

obtained, however, corresponded nearly with that of propionic acid, 
and 1 believe that this, or a mixture of acetic and butyric acids, were 
present in the liquid. The acid doubtless belongs in the acetic or 
fatty series.” 

It is clear that the acids secreted from the Dratmi-leaves do not 
injure their own liodies, so that the acids must belong to that of the 
first or third group which have been mentioned by Ch. Darwin. 
On the other hand from Ree.ss and Will’s work it is very probable 
that formic acid may most likely be found among them. 

To determine this point calcium carbonate was added to the above 
mentioned glycerin-extract of Drosera-haves, filter(*d off the excess 
of the calcium carbonate, and from the filtrate the calcium salt was 
precipitated with absolute alcohol. I'he precipitate was dissolved in 
a small quantity of water warmed on the water-bath ; this solution 
was left to evaporate slowly, from which resulted white fine jinsmatic 
ciystals. With these crystals was made the test of the formic acid 
reaction in the following methods; 

I. A saturated solution of mercuric chloride and a small quantity 
of natrium acetate were added to the solution to be examined, from 
which a white precipitate of mercurous chloride was yielded. 

II. The solution was warmed with mercuric oxide or silver nitrate, 
from which metaric mercury or silver was liberated. 

III. To about 10 cc. of the solution to be examined, metallic 
magnesium (0.5 g.) and, drop by drop, 2596 HCl (6cc.) were added 
while cooling, then a peptone solution (5 cc.) containing ferric chloride 
was mixed in: when the cone, sulphuric acid (10 cc.) was slowly 
poured into the mixture the "violet colour appeared. (H. Finke’s 
method). 

All reactions gave a positive result. Therefore the evidence 'is 
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brought that the leaves contain formic acid. 

The meaning of the presence of formic acid in Drosera-leaxes 
may be not merely to kill the insects, but to digest them, as it is 
also the case in some insects to capture the food and to protect 
their bodies. Frankland said that “ the conditions were also unfavor- 
able, as it was late in the year and leaves were small For this 
reason he could not recognize the formic acid in Dwsera-leaves. 

D) The Effect of the Temiierdture on the Enzyme. 

Reess and Wiu., and Tait had investigated the digestion at room 
temperature. White at 32° or 38°C and Dernby at 38°C. These 
experiments in regard to the effect of temperature on enzyme action 
were not systematically, but rather optionally earned out, so that 
the further experiments on this ixiint were necessary to know the 
characteristics of Drosera-enzyme. 

Experiment V. 

1 cc, of the enzyme solution was made acidic (pH 1.5) by the 
addition of 2 cc. of N/20 hydrochloric acid. In many tubes this 
mixture was taken and to each of them 0 01 g. of carmin-fibnn was 
added. The tubes were immersed in water at 0-60°C. The results 
are given in Table V and Fig. 2. 


Table V. 


Time of observation (minutes). 

10' 16' 20' 26' 30' .SO' 40' 46' 60' 66' 60' 66' 70' 



At the temperature of 40-45’C., the digestion began in 15 
minutes; especially at 40’C. it was most rapid and after 5-6 hours 
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the carmin-fibrin had completely disappeared, while at 35°, 45° and 
50°C. the fibrin remained at the same hour. At 0°C. it was more 
than 20 hours before the digestion began, and at 10°C. 180 minutes. 
On the other hand it is evident from the table that a temperature 
higher than 55°C. is too high for the digestion. 



Comparing the I>rwera-enzyme to the other proteolytic enzymes, 
above all to papaVn which is best known, the digestion product of 
the fiHitier is the same with that of inactiviated papaVn, but there 
are differences between the two, not only in the optimum acidity, 
but also in the optimum temperature for them. So it is remarkable 
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that Droscra-enzyme has also a resemblance to the animal p^stn in 
respect of the optimum temperature for them. 

El The Products of Digestion. 

As already described, it is known that the proteolytic process of 
the Drosera-erayme goes as far as proteoses and peptones but not 
further. So I carried on the following experiment to see whether 
it would be the case or not. 

Experiments VI Sc VII. 

For these experiments, the en/yme was mixed with a peptone 
solution, and hydrochloric acid ; the acidity ol the medium was adjusted 
at pH 1.5. For peptone solution WtTTK’s or Kuhne’s peptone purified 
by the ordinary method was used. The rotatory power of the mix- 
tures was first estimated sinin after the preparation of the mixture 
by the aid of the Schmidt-Haensch’s polarimeter, then the mixed 
solutions were kept in the thermostat at 38°C., and from time to 
time the rotations were noticed As these experiments were carried 
on only to see the change of rotation, I did not use a given con- 
centration of peptone-solution. The source of light was an incandes- 
cent light. 


Table VI. Table VII. 

Witle’s peptone. Kuhne’s peptone. 


Time (hourt.) 

1 Rotalon powci 

Tim*- (hours) 

RoUtorv power. 

0 

j -15' 

0 

• \ 

-S5' 

i 

! 

1 

2 


4 

i 

4 1 


24 

1 

24 



As the above two tables show, the rotatory power of Witte’s 
and Kuhne’s peptones were not changed by the presence of Drosera- 
enzyme. So it is very probable that Drosera-emyme does not hydrolyse 
peptones and proteoses into amino acids. In this respect also the 
resemblance of the Drosera-enzyme to pepsin is remarkable. 
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F) The Effect of Poisons on the Enzyme. 

So far as the acidity, temperature and products of digestion are 
concerned, the Drosero-enzyme resembles pepsin. So the question 
arises whether they are really the same or not, a point which is 
important not only in the physiology of Drosera, but also to the 
question of the intimate relation between the animal and vegetable 
kingdoms. Therefore the study is made of the relation of the Drosera- 
enzyme to pepsin through the effects of poisons. The effects of 
poisons on several enzymes, for instance, lipase, esterase etc,, have 
been investigated by many authors, but Smorodinzew (1924, 1925) 
and others among them based their results only on the present know- 
ledge of enzymes in their studies. We have yet no conclusive know- 
ledge on this problem, so that here must be described of my studies 
in some detail. As the full description of the method and results of 
the experiment on pepsin, however, will be reported in the next paper, 
the results of the experiment on the Drosera-cnzyme are given here. 

The poison used in this experiment was of two kinds ; namely 
quinine-hydrochloride and atoxyl. 

E^ch given quantity of 0.1 9^ edestin-solution, the solution of poison 
which beforehand have been warmed in hot water exactly at 39°C. 
and enzyme-solution were mixed and the total volume was made up 
to 20 cc. in a flask, soon immersed in water of the same temperature. 
The acidity of the mixture was kept at the favorable strength. At 
20', 40', and 60' respectively after the immersion of the flask, 5 cc. 
of the mixture was taken out, poured into 15 cc. of cold water in a 
flask, and finally 0.5 cc. of 409^ sulphosalicylic acid was added drop 
by drop to it while shaking the vessel. The degree of turbidity was 
determined by means of the Kober’s nephelometer in comparison 
with the standard solution. The more the digestion progress, the 
more the turbijlity decrease. The standard solution contained half 
the quantity of edestin of that in the solution examined and had 
added the same quantity of watw instead of the enzyme solution. 
Moreover, I changed the order of addition of edestin. enzyme and 
poison in every way. And tfo effects of each poison in acidic or 
neutral solutions were also studied. The order of additions is described 
in the tables, in which the number is given in the unit of mm. In 
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each series, the digestive mixture containing the same volume of 
water, instead of the solution of poison, was taken as the control. 
It is worthy of notice that in these experiments, the enzyme pre- 
cipitated by acetone was dissolved in the same volume of water as 
in the original liquid. 

Experiment VIII. 

1) The effect of quinine-hydrochloride. 

(A) The order of addition (Enzyme + Edestin) + Quinine-hydi-o- 
chloride. Into a volumetric flask of 20 cc. I measured accurately 
with pipettes 5 cc. of enzyme solution, 6 cc. of water warmed to SO^C., 
and 5 cc. of edestin solution of the same temperature. The mixture 
was shaken in water of 39°C., and soon had added 4cc. of 2.596 
quinine-hydrochloride. The concentration of poison in the mixture 
was 0 . 596 . 

(B) The order of addition. (Enzyme Quinine-hydrochloride) -f 
Edestin. The method of addition was in general the same as in (A). 

Tablk VIII. 


Order of 

j Time of observation 

< minutes) 

addition 

•20' 

1 40' 

: CO' 


mm 

i mm 

mm 

Control , j 

14.6 

1 19.2 

; 2S.8 

CA) 1 

15.9 

j 22.9 

1 29.4 

(B) 1 

14.4 

1 19.1 

! 2.1.7 


As shown in Table VIII and Pig. 3, the digestion in (A) was 
evidently accelerated while in (B) neither acceleration nor repression 
was noticeable. 

The quinine-solution acidified by hydrochloric acid gave the same 
results as the above mentioned in its effect on the ' Drosera-emyme 
with respect to the order of addition. On the other hand in pepsin, 
quinine-hydrochloride repressed the digestion and such an acceleration 
as in the above was not found in any cases of addition. 
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Tib- The effeit of (|Utnine hydnx'hloride on the Dro5ern-en/\nie 
O ■•Contuil 

A (A) • (Eiwyme + EdeHtiii) 1 Quinine 

X (B) (Enzyme I Quininel+Kdestin 

Exjieriment IX. 

2) The effecl of atoxyl 

The method of experiment and addition was the same as in the 
above cases, excepting the addition of 2.5?^ atoxyl in place of tjuinine- 
hydrochloride. 

(A) The oder of addition. (Enzyme + Edestin) + Atoxyl. 

(B) „ „ „ „ (Enzyme + Atoxyl) + Edestin. 

Tabijc IX. 


Order of 

Time of obserx-ation 

(rainutci). 

addition. 

IKK 

w 


OIK 

Control. I 


ivT 


2.‘i'.T 

(A) 

le.r 

24.6 


.<14.4 

(B) 

le.s 

23. » 


.34.2 
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Time. 

Fn( 4 The effort of utoxyl on the Drotera-emyrne 

O* Contiol 

A (A) (Enzvme+Fde<lin)+Atoxyl. 

X (B) (P^nzvme-l Aloxvlj+Edeslm 

A.S IS evident from Table IX and Fig. 4, the digestion in the 
mixture which contained atoxyl was always accelerated, whatever the 
order of addition may have been. When pepsin was used acceleration 
of the digestion was found in (A), and repression in (B). 

As we have seen above, Drosera-mzymc resembles pepsin as well 
in the optimum acidity and temperature for them as in the products 
of digestion, but the former is different from the latter in respect to 
the effect of poisons on them. It is, however, known that the effective- 
ness of any given enzyme-solution above all depends on the kinds 
and quantity of the accompanying substances. So the accompanying 
substances must be investigated, if we desire to settle the question 
of the specific difference between the two by the effect of poisons. 
As above stated the pepsin used in this experiment is a commercial 
one (Merck). So it is very probable that the accompanying sub- 
stances in these enzymes differ from each other. Therefore the 
question of the specificity of ZJrosera-enzyme remains to be studied 
further with purified materials in the future. 
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III. SUMMARY. 

To understand the digestive process of Drosera, studies on the 
proteolytic action of the glycerin-extract of the leaves were carried 
out, and the results can be summarized as follows; 

(1) A powerful proteolytic enzyme exists in the extract of the 
Dfoscra-leaves. 

(2) In a strong acidic medium, Drosera-enzyme acts on proteins 
and hydrolyses them to proteoses and peptones. The optimum activity 
is found in about pH 1.5, i. e., in such an acidity as is rarely known 
in any other enzymes of plant origin, and rather resembles that for 
pepsin. 

(3) The optimum temperature for the Drosera-enzyme is alwiut 
40T. 

(4) In Drosem-leaves formic acid is detected. 

(5) The effect of poisons on the enzyme is as follows : 

a) Quinine-hydrochloride. 

The order of addition. (Enzyme -I- Edestin) + Quinine- 
hydrochloride, 

The digestion is accelerated, while animal pepsin resultes 
in repression. 

The order of addition. (Enzyme 4- Quinine-hydrochloride) 
t- Edestin. 

There is no effect, while in pepsin repression occures. 

b) Atoxyl. 

The order of addition. (Enzyme + Edestin) + Atoxyl. 

The digestion is acc^erated, as is also the case in pepsin. 

The order of addition. (Enzyme + Atoxyl) ■+■ Edestin. 

The digestion is accelerated, but in pepsin it is repressed. 


In conclusion I wish to thank FVof. Dr. Y. Yamaguti for his kind 
criticism and hdp and Prof. Dr. Y. Yoswi for his assistance given 
in the collection of the mateqal. My thanks are also due to Prof. 
Dr. K. Inouye of the Medicochemicai Institute of the Medical Faculty 
of University for his kind help and criticism when I carried on 
some parts of this study in his laboratory. 
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On the Presumptive Position of the Material of 
the Medullary Plate in the Frog’s Egg, 
Rhacophorus schlegelii var. arborea 
(Okada et Kawano)/ 

By 

IsAo Motomura. 

(Biological Institute, T6hoku Imperil University. Sendai) 

(With 6 Text-figures) 


INTRODUCTION 

In reading Gokritler’s work “ Die Formbildung der Medullar- 
anlage bei Urodeln ” which is carried out with Vogt's method of the 
partial vital-staining, it has seemed desirable to extend the study of 
this problem to Anuran forms, in which the old theories of Amphibian 
embryology have been developed. For this purpose, the light-coloured 
egg of the Anuran species was needed. Fortunately, I heard that 
the egg of a species of the gn-en frog, Rhacophorus schle^lii var. 
arborea (Okada et Kawano), which has long been famous in Japan 
for Its white egg and its peculiar breeding habits, could easily be 
obtained from the neighbourhood of the Mt. Hakkoda Botanical 
Laboratory of the Tohoku Imperial University in Aomori Prefecture. 
And in July, 1929, 1 worked with this species by means of the partial 
vital-staining method on the problem of from what portion of the egg 
the medullary plate is formed. 

Before going further I wish to acknowledge my indebtedness to 
Professor E. Nomura for his much valuable advice and criticisms. 
Further, I wisTi to express my hearty thanks to Professor Y. Yoshu, 
Director of the Mt. Hakkoda Botanical Laboratory, for his kind sup- 
port of my work during my stay at the Laboratory. 


* Contribution* from tbp Mt HakkMa Botanicnl Laborntory, No 3. 
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MATERIAL AND METHOD. 

In this experiment, the egg of the green frog, Rhacophorus schler 
gelii var. arborea (Okada et Kawano), was used. According to 
Okada (’28), the breeding season of this species commences towards 
the end of June in Aomori Prefecture. Eggs are laid on any species 
of trees on the banks of lake, marsh or pond, or in a hole of grass 
on the bank. I collected them from the neighbourhood of the labora- 
tory just before use. 

The egg is taken out from the white foamy mass which covers it 
with fine pincettes, and is separated from most of the gelatinous mass. 
It is, then, put in a dry glass dish with a cover. A piece of wet 
filter paper is put on the inner side of the cover. AH eggs take 
their normal orientation in this moist chamber within twenty to thirty 
minutes. Small pieces of stained agar, which is stained with Neutral 
red and Nile blue sulphate by Vogt’s method, are put on the required 
point of the surface of the egg membrane with a point of hard hair. 
The stain of the agar piece diffuses through the thin layer of jelly 
and the egg membrane, and reaches the surface of the egg cell. In 
this treatment the egg must be protected from drying by putting it 
in a moist chamber. After completion of the staining, the egg is 
washed with water, and the agar pieces are taken off with a point 
of hair. Observation and sketch are made in a glass box, which is 
so situated with total reflection prisms that the specimen is observable 
from a ventral or a lateral side under a vertical microscope without 
being rotated. 

Detwiler (’17) reported that the embryo of AmblyOoma stained 
in the capsule for twelve hours in aq aqueous solution of 1 : 150,000 
of Nile blue sulphate or in a solution of 1 ; 400,000 of Neutral red 
have been kept for twenty-five days after the application of the stain, 
during which time the development proceeded normally, and at the 
end of which period all reactions were normal; "In my experiment 
the toxk actions of both stains were very distinct even in six hours^ 
application of the stained agar pieces. The characteristic appearance 
of the toxic action was, as Vogt (’26) states, shrinkage of cells and 
delaying of development in the over-stained portion. Three hours’ 
staining at a room temperature of 23° to 25‘C gave most satiafactoiy 
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results. Marks were kept about twenty-four hours but faded away after 
fourty-eight hours. 


PRELIMINARY 

EXPERIMENT. 

In the frog em- 
bryo it was known 
that the morphogene- 
tic process is always 
accompanied with the 
phenomena of the 
rotation of the egg 
axis. In this chapter 
the results of mea- 
surement on the ro- 
tation will be describ- 
ed. The measurement 
of the egg was ob- 
tained on the basis 
of Zeiss’ Zeichen 
Prisma sketch of suc- 
cessive stages of the 
developing egg in 
using the prisma box. 
For the measurement 
I have chosen the 
following five portions 
on the surface of the 
egg: 1) an arc length 
from the dorwl lip 
to the poeterbr mai^ 
gin of the blastocod*' 
(Fig. 1, apd Table 1 , 



6AM 8 10 la 21 -M 4 0 


Fig. 1. 

A), 2) the kmgituduial diameter of the blastocoel 


*IaEDA (’02) hai pointed out, that in thia apeciea the blastocoel is easily observo- 
We from the aqrface through the roof of the egg because of the complete 
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(B), 3) the arc length between the ventral lip and the anterior margin 
of the blaslocoel (C), 4) the diameter of the yolk-plug (D), and 5) 
the distance from the dorsal hp to the posterior equator of the egg 
{0). Two other measurements, the distances from the anterior equator 
to the centers of the blastocoel {ff — ^ ) and the yolk-plug (A + ^-f ■ 2 ~). 
were obtained from A, B, D and by calculation. Figure 1 and 
Table 1 show the results of this measurement, in which the arc length 
is given in the magnitude of central angle. 

At 6.20 A. M. the first trace of dorsal hp appeared. At 10.15 
A. M. the blastopore showed a complete circle, and eifter this time 
all measurements were obtained. At 3.30 P. M. the blastocoel dis- 
appeared, and measurements A, B and C ended at this time. In the 
values of 0, ^ and A-l-^-t--^ , the positive or negative sign 

shows the upward or downward direction of measure from the pos- 
terior equator. 


Tabi.k 1. 



A 

B 

c 


'' 


A4 0+ |- 

fi.aOAM 12/VII 

64'’2(K 

71°40' 



- 7°60' 

_ 

92*20' 

8.20 „ 


71W 


— 

-12"60' 

__ 

90*66' 

10.16 „ 

79"20' 

eow 

91 ”30' 

120'20' 

-20“40' 

-SO-SO' 

93*10' 

0.26 PM 

oroo' 

64°80' 

94».30' 

96'’20' 

-2.T’00' 

-7rio' 

104*06' 

2.20 „ 

146’’14' 

28“60' 

106°40' 

79'20' 

-10“44' 

-60“24'' 

MSW 

.^.20 „ 

16TS4' 

i4no' 

12.S''20' 

e4W 

- 2°34' 

—WOO' 

167*06' 

4.46 „ 

- 1 


- . 

66"20'’ 


- O-AO' 

- 


The results are summanzed as follows: The first trace of the 
dorsal lip appears at about eight degrees below the equator. The 
center of the yolk-plug never goes anteriorly bej/ond>the lower pole 
of every stage. It goes rapidly towards the posterior equator aftar 
the complete circle of the blastopore is formed. The center of the 
blastocoel proceeds rapidly towards the anterior equator after conqiile 
tion of the circular blastopore. The area of the blastocoel becomes 
smaller and smaller as the center advances further and disappears 
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just before reaching the anterior equator. In every observed stage 
of development the centers of the blastocoel and of the yolk-plug lie 
approximately in antipole, and move at nearly equal tempo and direc- 
tion 


EXPERIMENT I 

At the beginning of gastrulation the upper pole of the egg was 
marked with four colour si>ots around the upper pole. Five hours 
after marking they incline anteriorly. But their relative position to 
the center of the blastocoel does not vary. (Fig. 2, a). Ten hours 
after marking the medullary plate appears on the upper side of the 
egg and the colour spots rotate anteriorly more than 90 degrees. 
After twenty hours, in which the neurulation process has been com- 
pleted, the four colour spots are on the antero-ventral aide of the 
embryo (Fig. 2, b). In every case there is found some space between 
the anterior end of the head and the area of colour sjxits. The 
medullary plate itself has never been derived from the stained area. 



view, a • - five hours after marking, a small bla.stocoel is in the eentei 
of four colour spots, h --twenty hours after marking. 

The results of this experiment are as follows : The material of 
the upper pole of the early gastrula moves on anteriorly in the course 
of development. This movement coincides perfectly with that of the 
blastocoel while the blastocoel exists. The anlage of the anteromost 
part of the medullary' plate lies between the dorsal lip and the upper 
pole of the early gastrula, as ikewlse in the blastula, but it is never 
derived from the material of the upper pole or of the more anterior 
portion of this stage. 
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EXPERIMENT II. 

In the blastula stage four colour spots wwe marked at equal 
distances on the equatorial zone. The first trace of the dorsal lip 
appears within the zone of these marks a little below the equator. 
Three hours after marking (Fig. 3, b), at the stage of 9 A. M. in 
Figure 1, the dorsal lip grows in crescentic form and acrosses two 
or three of the marks. Seven hours after (Fig. 3, c), at the stage 
of 12 A. M. in Figure 1, the blastopore becomes circular, and the 
blastopore lip cuts all the colour spots. But comparing with the 
original position of the colour spots, it is evident that the level, in 
which the groove of blastopore lip appears, is about equal in any 
side of the blastopore. In the case where the spots arc marked 
somewhat upward, only a small area of colour spot is taken in on 
the yolk portion, and in this stage the colour spots of the yolk por- 
tion have covered with a marginal portion of blastopore lip. After 
eleven hours (Fig. 3, d), at the stage of 2 P. M. in Figure 1, the 
four colour spots become longer than in the preceding stage. In 
many cases the lower area of the colour spots is covered with the 
blastopore lip. And, moreover, even in the upper part of the colour 
spots, when it is marked somewhat downward, the deeply stained 
portion has already been rolled into the blastopore, and only the 
diffused part of this colour spot remains on the surface of the blsato- 
porc lip. After sixteen hours (Fig. 3. e, f), at the stage of 5 P. M. 
in Figure 1, the four colour spots show a very remarkable elongation. 
The intensity of stain becomes very feeble, which is caused by the 
extentkm of the area of the colour spots. All the colour spots arrange 
radially around the yolk-plug. The distances between them are eq\ial 
at the margin of blastopore. At the free end of the marks, however, 
they show a slight tendency to approach the upper side of the egg 
at this stage. The plane containing the free ends of the marks has 
been rotated about 90 degrees from the initial position in antero- 
ventral direction. The process of inclination of this plane is the same 
in direction, in tempo and in magnitude as the inclination of the 
cento's of the blastocoel and of the yolk-plug. 

The results of this experiment are as follows: In all sides of 
the blastopore the first trace of invagination appears at the same 
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Fik 3 Markint; of the equatorial zone at the blastula staKC. a — e, side 
Mew f, posterior view, a- appearance of the dorsal lip, h - 3 hours after 
marking: c 7 hours after; d - 11 hours after; e -- 16 hours after, f the 


level of the surface of the blastula. In the coui'se of gastrulation the 
colour spots show a very remarkable elongation in meridional direction 
in relation to the vertical axis of the blastula stage. The material 
of the narrow ring zone lying just above the level of invagination is 
involved beneath the blastopore lip. The remaining portion of the 
four colour spots are arranged radially around the yolk-plug at equal 
distances. The blastopore lip converges equally from all side to the 
yolk pole. The fusion of the material of the lateral lips at the 
dorsal lip in not observed. The process of inclination of the plane 
containing the ends of the four marks is exactly the same as the 
inclination of the centers of the blastocoel and of the yolk-plug. 

EXFshiment III 

At the end of the Uastula stage four colour spots are marked at 
equal distances close 1^ the outline of the blastocoel (Fig, 4, a and 
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5, a). The zone limited by these four marks occupies the area be- 
tween the pole zone observed in Experiment I and the equatorial 
zine observed in Experiment 11. Three hours after the appearance 
of the dorsal lip (Fig. 4, b and .5, b), at the stage of 9 A. M. in 
Figure 1, the level of the colour spots shows a slight tendency of 
inclination. 




Fifj t. Markinj! of tho middlo 7on<; of the upper hemisphere m the blastula 
staxe, dorsal view a - a trace of the dorsal lip appeals, a large blastoeoel is 
observed through the cell layer of the uppei pole, b- -.’1,30 hours after the 
appearance of the dorsal lip; r— 8 hours after, d - 12 hours after, just before 
ihi' disappearance of the blastoeoel, the inclination of the egg axis and the 
elongation of the colour sjiots are seen' e -17 hours after, f -23 hours 
after, the medullarv plate stage 

Eight hours after (Fig. 4, c and 5, c), at the stage of 12 A. M. 
in Figure 1, the inclination has progressed. Twelve hours after (Fig. 
4, d and 5, d), at the stage of 2 P. M. in Figure 1, one or two 
anterior colour spots come to the lower hemisphere of the present 
stage, and hence only two or three colour spots are visible in the 
upper hemisphere. This fact shows the inclination of the original 
vertical axis of the egg. A small blastoeoel lies, similar to the 
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Fig, 5 The* explanation is the same as that in Fig 4 


preceding stage, in the renter of the four marks. All the colour 
spots show a remarkal)le elongation m meridional direction in respect 
to the axis through the centeis of the blastocoel and the yolk-plug. 
Seventeen hours after (Fig. 4, c and 5, e), at the stage of 5 P. M. 
in Figure I, the four elongated colour spots are arranged in the 
meridional direction to the horizontal axis of this stage. Two or 
rarely three colour spots lies on the surface of the upper hemisphere 
of the present stage and the other two on the lower hemisphere'. 
Twenty-three hours after (Fig, 4, f and 5, f), the egg shows a very 
distinct outline of the medullary plate. A small blastopore lies just 
below the posterior equator. The four colour spots show no change 
in length m comparison with the preceding stage. In most cases, 
the upper two colour spots are found in the area of the medullary 
plate. The anterior ends of these two colour spots protrud from the 
anterior margin of the medullary plate. But in other cases the former 
are just on the margin of tlte latter. The distance between the 
colour spots in the medullary plate is somewhat shorter than m the 
Other place. In other words, the colour spots have travelled to the 
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dorsal median line of the egg. The posterior end of the four colour 
spots are never involved in the blastopore and are laid close by the 
blastopore, even in the colour spots which have been taken in the 
medullary plate. 

The results of this experiment are as follows : In the process of 
gastrulation the material of the middle zone of the upper hemisphere 
of the blastula stage elongates equally in meridional direction in re- 
spect to the vertical axis of the blastula. And at the end of gastrula 
the material of this zone covers most of the lower hemisphere. In 
other words, the material of the polar area, which is s'udied in 
Experiment I, and the middle zone of the upper hemisphere studied 
in this experiment form most of the ectoderm. The medullary plate 
is derived only from the material of the limited area in the upper 
hemisphere at the side of the dorsal lip. The anterior margin of 
this area nearly reaches to the upper ends of the colour spots of this 
experiment. And the width is approximately represented by the dis- 
tance between the outer margin of two colour spots. In the beginning 
of neurulation the presumptive matenal of the medullary plate con- 
densates from both sides to the dorsal median line of the embryo. 
At the end of gastrula the iiosterior ends of the four marks are laid 
close to the blasUipore, but they are not involved in the blastopore, 
and even in the case when the colour spots is on the median line of 
the medullary plate the distance between its posterior end and the 
blastopore lip is the same as in the other spots. 

DISCUSSION 

In the preliminary experiment it became clear that the blastocoel 
and the yolk-plug are in antipole of the egg throughout every stage of 
gastrulation. And in the Experiment I, II and III the zones of colour 
^ts showed same tendency of inclination in direction, tempo and 
magnitude with respect to the centers of the blastocoel arid the yolk- 
plug. Therefore, knowing on the movement of the colour spots, it 
is possible to learn the dimention of inclination of the original vertical 
egg axis, which coincides with the axis through the centers of (he 
blastocoel and the ydik-plug. All the results of the experiments gave 
the same value in regard to the rotation phenomena of the original 
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vertical egg axis ; that is about 90 degrees in the direction of the 
anterior equator. 

In Experiment II, I have described the phenomena of involution 
of the surface substance of the equatorial zone into the blastopore. 
Although in my experiment the area of involution was not accurately 
determined because of the narrow width in comparison with the dia- 
meter of the colour spots, it is conceivable that the upper margin of 
this area is laid close by the equator. For the reason, in Experiment 
III, a small portion of the colour spots is always left behind in the 
ectoderm without being involved even up to the stage of complete 
closure of the blastopore. Therefore, we come to the conclusion that 
in this species the ectoderm is derived only from the substance in 
the upper hemisphere of the blastula. 

From the results of Experi- 
ments II and III, the presump- 
tive area of the medullary plate 
can be approximately deter- 
mined The anterior end of 
the medullary plate reaches 
close to the upper margin of 
the colour spots of the middle 
zone, observed in Experiment 
III. The height of this (loint 
measures three-fifths of the 
radius of the egg upward from 
the equator. From Experiment 
III we know that the presumi>- 
tive area of the medullary 
plate covers at least two colour 
spots. The width of this range 
corresponds to the arc length of 120 degrees in the central angle. Here 
we come to the conclusion, that the presumptive area of the medullary 
plate, which is laid down above the dorsal hp, is in the zone bounded by 
the equator at the base, and by the level of three-fifths of the height 
of the egg radius from the equator to the upper margin, and by two 
meridians including the range of an 120° central angle at the sides 
(Fig. 6). In this area the presumptive medullary material is so 



Fig 6 Sihema of the anlage in the 
blastula stage, PMM -the area of the 
presumptive medullarj’ material, e - eciua- 
tor, b — the level of the blastopore lip 
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orientated that the anterior margin of the actual medullary plate 
corresponds to the upper margin of this area, the lateral sides to 
the meridians, and the posterior end to the equator. 

In the course of gastrulation the pnresumptive area of the medullary 
plate changes its form in two different directions. The one is the 
extention of the area in a meridional direction. This process progresses 
very slowly at the start, but it becomes rapid after the complete 
circle of the blastopore is formed (Experiments II and III). The 
other is the condensation, or “ Schweckung ” (Goerttler ’25), of the 
material from both sides to the dorsal median line of the embryo. 
This process begins after the disappearance of the blastocoel, and it 
is confined only to the dorsal side of the embryo (Experiment III, 
Fig. 1, f). 

In short, the results of my experiment were favourable to the 
theory of convergence. The concrescence of the blastopore lip was 
not observed. The whole material of the medullary plate is laid 
down in an area just above the dorsal lip in a compressed form. 
Therefore, the posterior end of the medullary plate is already deter- 
mined in the position just above the dorsal lip at the beginning of 
gastrulation. The thick cell layer of the medullary plate is formed 
only by the condensation of cells from both sides. Of course, the 
mentioned processes of morphogenesis must be applied only to the 
normal development of this species, and the regulatory power of 
parts of the egg in any varied condition is beyond the scope of this 
experiment. 

In 1888, Roux observed that an exovate, marked on the animal 
pole of the blastula with a needle, shifts to the ventral surface of 
the embryo. And he came to the. conclusion, “ dass die mittlerem 
Furchungskegein der schwarzen oberen Hemisphere, also der sogen- 
annten animaien Poles, der Morula und Blastula die Bauchgegend 
des Embiyo aus sich hetvorgt^ten lessen." After this the same 
experiment was carried out in Anuran embfyoa fay Morgan and 
Tsuda (*94), Eycleshymey (’98), King (’01), Ikbda (’02) and in 
Urodera by BURPtmtH (’93) and EycleshymEb (’98). lie results of 
these authors agreed with Roux’s. And later, the same problem was 
studied with the method of partial vital staining by G^dalb (’ll) 
in Spelerpee and by Goerttler (’25) in TrUttn, Tim results obtahied 
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in these Uroderan species differ from the above mentioned authors. 
In Spelerpes and Triton the material of the upper pole is always 
taken in on the medullary plate. My results differ from the last two 
authors’ in spite of the same method of experiment. I believe that 
this difference is due to the specificity of the observed species. In 
Anura the position of the anterior end of the presumptive medullary 
material is much lower than in Triton and Spelerpes. 

On the presumptive position of the posterior end c>f the embryo 
there were two opinions to the present. According to one opinion 
it is considered that the posterior end is laid down on opposite side 

from the dorsal lip of the egg. Roux (’88) came to this view for 

the first time from his observation of a monster, Asyntaxia medullaris, 
of the frog. After this, O, Hertwig (’92), Morgan and Tsuda (’94) 
supported Roux’s conception on the bases of observations on Spwa 
bifida embryo which is formed in natural or artificial cortditions. In 
1894, Morgan studied this problem with experimental methods. If 
the dorsal lip is stuck with a sharp, cold needle at the time of its 
appearance, a monster with a V-shaped neural fold is formed. And 
when the embryo Ls stuck just in front of the dorsal lip i. e., in the 

black cell of the region, injury was found later in the cross connective 

at the anterior end of the medullary plate. From these results he 
came to the same conclusion. But in the other opinion the posterior 
end of the embryo is derived from the upper portion of the dorsal 
lip. In 1898, EycLBSHYmer studied this problem with the puncturing 
method in the frog. His conclusion was that an area lying just above 
the point at which the blastopore Up first appears, later forms a 
portion of the posterior end of the embryo. The last differs very 
much from Morgan’s results, in spite of the use of the same method. 
But as Ikeoa (’02) has pointed out, it must be a dangerous thing to 
w3y too much upon die puncturing method, because of the inconstancy 
of the intensUy, of injury. Recently, Goerttler (’25) pointed out 
with the method of partial vital staining in Triton, Pkurodeles and 
AaxdatU, that the posterkn' end of the presumptive area of the 
meduUary »plate is laid down just above the equator at the side in 
which Ae dorsal lip afipears.*' Comparing this with my experiment 
in Rhaoophorus, the positicm of the area and its morphogenic process 
are ahttUar to A« principle of the process in Triton, Pleurodeles and 
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Axolotle. of Goerttler’s experiments. But with this principle the 
Spina bifida, or the ring embryo in the extreme form are not ex- 
plained. These abnormal forms may be derived, I think, as the results 
of regulation in abnormal conditions. Further observation will be 
needed on this point. 


SUMMARY 

1. In the embryo of Rhacophorus schlegelii var. arborea (Okada 
et Kawano) the ectoderm is derived from the substance of the upper 
hemisphere of the blastula. 

2. The presumptive area of the medullary plate is laid down 
above the dorsal lip of the egg. 

3. The presumptive area of the medullary plate is m the zone 
bounded by the equator at the base, and by the level of three-fifths 
of the height of the egg radius from the equator to the upper margin, 
and by two meridians including the range of an 120“ central angle 
at the sides. 

4. In this area the presumptive medullary material is so orientated 
that the anterior margin of the actual medullary plate corresponds to 
the upper margin of this area, the lateral sides to the meridians, and 
the posterior end to the equator. 

5. In the course of gastrulation the presumptive area of the 
medullary plate changes its form in two directions ; the extention in 
a meridional direction and the condensation, or “ Schweckung ”, from 
both sides to the dorsal median line. 
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Studien uber die Mykorrhiza-Pflanzen im SoHataren- 
Gebiete auf dem Berg Hakkoda.^) 


Masamiko Takamatsu. 

( BioloKisrhe>i Imtitut dor Kaisfriuhen TAhoku Universitit, Sendai) 

(Mit 6 Text Figuren) 

Wie bekannt, findet man Mykorrhiza fast immer an den Wurzeln 
der auf humusreichen Hoden wachsenden Baume. Neuerdmgs bemerkte 
aber Fabf.r"^ Mykorrhiza auch bet alien Pflanzen, die im humusarmen 
Solfataren-Gebiete in Java varbreitet sind, und vermutete, dass die 
Mykorrhiza in stickstoffarmen Bdden fiir die Bindung freien Stickstoffs 
eine grosse Rolle spielt. 

Ich habe vor allem feststellen wollen, ob Mykorrhiza auch tn un- 
seren einheimischen Solfataren-Gebieten vorkommt, und habe ihre 
roorphologischen Eigenschaften emgehend studiert. 

Vorliegende Untersuchung wurde im botanischen Berglaboratorium 
auf dem Hakkoda unter Leitung Prof. Dr. Yoshhs ausgefiihrt An 
dieser Stelle mdchte ich meinem verehrten Lehrer meinen Dank fiir 
seine freundliche Unterstiitzung und Anregung ausdriieJeen. 

Zur Untersuchung dienten fast alle Pflanzen, die im Solfataren- 
Gebiete wachsen. Wegen der hohen Aziditat des Bodens kommen 
hier rur verhaltnismassig wenige Pflanzen vor. Ich untersuchte 28 
bei diesem Standort gesammelte Pflanzen. 

Zuerst wurden mit Pilzen versehene Wurzeln, besonders junge, 
reichlich Pilzfaden besitzende Wuraelspitzen, sorgfaltig ausgegraben 
und mit Wasser gewaschen. Das Material wurde mit Rasiermesser 
geschnitten un^ die mit vielen Pilzfaden versehenen Schnitte mit 
DELAFIELD-Hamatoxylin oder Saur^uchsin gefarbt. 

Von diesen 28 Arten konnte ich bei folgendcn 6 Arten keine 
Mykorrhiza finden : , Palygsnum aachalinenae, Fr. Schm., Hiragmites 

Contribution* from the Mt. Hakkoda Botanical Laboratory, No. 4 
“JFAniMt. F. C. <1928), UoteriU(Jiun»«i Uber die Phy»iologie der javnmschen Sol- 

fataren-Pflanzen. Flora, N. F., Bd 18.. S. 110 
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communis, Trin., Hydrangea paniculata, SlEU., Juncus curvatus. 
Buck., Aletris fohata, Franch. und Pterdium aquilinum, (L.) KuHN. 
Obwohl ich bei einigcn von diosen Pflanzen wenige Pilzfaden auch 
auf der Wurzeloberflacho gesehen habe, so kann man doch dabei 
noch nicht von Mykorrhiza sprechen, weil die Pilzfaden der eigent- 
lichen Mykorrhiza die Wur/olof»erflache dicht umhtillen oder sogar 
ins innercn Geweben eindnngen miissen. 

Die Mykorrhiza in den anderen 22 Arten liisst sich nach ihren 
Formen, wic folgt, emteilen. 

Tyrus I. Ektotrophe Mykorrhiza. 

1) Zusammengesetzle Mykorrhiza, welche die viele Wurzcl zusammen 
umhiillt. 

Korallenform-Mykorrhiza. DiesiT Typus kommt bei Pinus ptimtla 
vor (Fig. 1. a. b. c.). Bei dieser Pflanze ist die Wurzel, die sich re- 
gelmassig wie ('ine Gabel verzweigt (Dichotomic), vom Pilzmantel um- 
geben. Das Wur/elwachstum dieser Kiefer Lst im allgemeinen langsam, 
aber die Wiirzeln in dei Wurzelmasse verzweigen sich sehr haufig, 
wodurch sich die Masse vergrbssert. Die Pilzfaden erfullen die 
Zwischenraume dieser verzweigten Wurzeln, bis .sich endlich erne 
dichte Wurzelmasse bildet. 

Die Pilzfaden sind gewbhnhch fast farblos, ein schwarzer Fleck 
tritt selten auf der aussersten Pilzschicht des Mantels auf, und deren 
Pilzfaden haben zicmiich vcrdicktc Zellwande Schon MasUi'^ hat bei 



Fig 1 Korallen-Form der Mykorrhua von Pmu» pumila, flsREL. (a. b. c). 

a) Aussere GestaU ca x5. 

b) Querschnitt durch einc Mykorrhizamasse. 

c) Querschnitt durch rine von einem Pilzmantel umhUllte Wurzel. 

Heterotrophe Mykorrhiza von Pinus pumtla (d., Erklfirung in S. 601). 
OMasui, K. (1926), A study of the mykorrhiza of vroody plants. Mem. Coll. Sci. 
Kyoto Imp Univ., Ser. 3., No. 2. pp. 177. 
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seiner Untersuchung der Mykorrhiza einiger Baume darauf hinge- 
wiesen, dass verschiedenartige Pilze in ein und derselben Pilzmasse 
gefunden worden. Die moriihologisrhe Verschiedenheit dieser Masse 
ist wahrscheinlich auch auf zweierlei verse hiedene Pilze zuriickziifiihren 

2) Einfache Mykorrhiza, die cine einzige Wur/el umhiillt. 

A) Mykorrhiza, die im Interzellularraum des Wur/el gewebes Pilz- 
faden besitzt. (Fig. 2. a. b. c.). 

Dieser Typus kommt bei Betula Ermanni, Cham., var. communis, 
Koidz., B. Maximowieziane, Regel. und Salix Retnii, Fr. et Sav. 
vor. Die Pilzfaden hiillen nicht nur die jungen Wurzeln ein, sondern 
dringen auch dicht /wischen die Inter/ellularraume der Epidermiszellen 
ein. Dadurch werden die nebeneinander liegenden Epidermiszellen 
spaUr voneinander getrennt und smd nur noch am innere Suite zu 
Rindenzellen verbunden. In dieser Weise wird das sogenannte 
Hartigsehe Netzwerk gebildet Solche Mykorrhiza sieht wie eine 
endotrophe Mykorrhiza aus, wenn man sie durch die Zellwand sieht. 



Fir 2 Ektotrophp Mvkorrhiza Typus I 2 A \on Salix Reinii, Fk et Sav 

a) Ausscr Gestalt, ca. X."} , 

b) Quersrhnitt mit radial gestre<’klen Epidermiszellen 

c) Ein Stuck des vergrosserten Querschnittes, zeigt Hartigsehe Netzweik 

B) Mykorrhiza, die nur auf den Wurzel-Epidermtszellen Pilzfaden 

besitzt, 'Fig. 3. a. b. c.). 

Die Pilzfaden umhiillen auch eine einfache Wurzel, aber dringen 
nicht in die Interzellularraume ein. Bei einer gewissen Mykorrhiza 
ist dieser Pilrmantel diinn und umhiillt die Wurzel dicht und er- 
scheint daher wie eine diinrie Schicht einer schleimigen Substanz. 
Es ist bemerkenswert, dass die Pilzfaden dieser Mykorrhiza sehr 
fein sind. 
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Fig 3 Ektotroph<' Mykorrhiza Typus I 2 B von Pintu pumila, REcei. 
a) Au<;sore Gestalt va x3 
li) Queis<hnitt durrh den Filzmantel 

!•) Ein StHrk dcs verftrdsserten PilzmantcJf und der Epidermi*tellcn 

Tyi'us II. Heterotrophe Mykorrhiza. 

Diese Mykorrhiza wurde nur bei flinus Pumila beobachtet. Die 
Pilzfaden dnngen nicht nur in die Interzellularraume und ms Zell- 
innere, sondern bilden auch einen Pilzmantel auf der Oberflache der 
Wurzel, ganz wie ektotrophe Mykorrhiza. Die Pilzfaden in den 
Interzellularraumen sind fciner, als die auf den Wurzelcpidermiszellen. 
Obwohl die Pilzfaden auch ms inneren Gewebe eindringen, unterscheiden 
sich ihre tnorphologischen Eigonschaften doch von denen der endo- 
tropen dadurch, dass die Zellen sparlich mit Pilzfaden erfiillt sind, 
die nur in den Epidermiszelten und den ihren naheliegenden Rinden- 
zellen verlaufen. Diese Mykorrhiza scheint mir eine Ubergangsform 
von der ektotrophen zur endotrophen Mykorrhiza zu sein (Fig. 1. d). 

Typus III, Endotrophe Mykorrhiza. 

1) Mykorrhiza, bei der Pilzfaden nur in Epidermiszellen vorkonr- 
men. (Fig. 4. a. b. c). 

Eine eigentiimliche Form komoit bei fast alien Pflanzen von 
Ericaceen vor; wie Diplycosia adenthrix, Nakai, Epigea asiaetica, 
Makim., Gaultheria Miguiliana, Takeda, Leueethoe Grayana Maxim. 
var. Mttximowiziana, Takeda, Menzkaia pmtandm, Maxim., Memitaia 
purpurea Maxim., V4icc*«*tt« AxiUare, Nakai, V. hirtum, Thun*., 
V. Vitis-Idaea, L., bei Shartia aoidaneoides, Makino, var. gemnna, 
Makino, f. tunica. Making, and Empetruia nigerum^ L. Bei dieser 
Mykorrhiza hnden sich die Pilzfaden nur in den Epidermiszellen, wo 
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sie eine fast verwirrte, leicht gelbliche Masse bilden. Solchc Zellen 
befinden sicb besonders reichiich in der Nahe der Wurzelspitze. 
Ausserdem verlaufen ofters in derselben Zelle noch andere farblose 
Faden. Diese zweiartigen Faden, gelb und farblos, gehoren wahrschein- 
lich zu zwei ganz verschtedenen Arten. In den von der Wurzelspitze 
etwas entfernt liegenden Zellen kann man keinen Pilzfaden mehr finden. 
Das ist wahrscheinlich auf die Verdauung des Pilzinhalts durch die 
Wirtpflanzen zuriickzufiibren. Diese Zellenreste lassen sirh mit 
DELAFiELD-Hamatoxylin stark farben. Spater verschwinden diese eine 
immer kleiner werdende Masse enthaltenden Epidermiszellen, und nun 
nehmen die Rindenzellen die ausserste 2^Hschicht der Wurzel ein. 
Auf diesen ausseren Rindenzellen verlaufen wieder viele, neue und 
etwas verdickte Pilzfaden. Dabei gibt es aber weniger in die Rinden- 
zellen eindringende Pilzfaden, als in den Epidermiszellen vorhanden 
sind. 



Fig. 4. Endotrophe Mykorrhiza. Typiu III. I aus Memietia pentandra, 
Maxim 

a) Auaacre Gestalt- ca. x20. 

b) Auf der Wurzel verlaufende Pilzflden, zoigt auch Pilzmassen 

c) QuBftchnitt diesdr Mykorrhiza; zeigt PiUtnasscn in Epidermiszellen 

2) Mphorrhisai, bei der Pdzfaden nur in Rindenzellen vorkommen. 
(Fig. 5. a. h. c.). 

Diese Form findet sich in Jen Arten verschiedener systematisrher 
Familien : Gramkeen (Miicanthus sinensis, Andersen, Molinia 
japonica, Hack., und Sosa paniaUaia, Making et Shibata), Capri- 
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foliaceen (Vtbrunum furcatum, Blum.), Aquifoliaceen {Ilex Sugenoki, 
Maxim, subsp. brevtpedunclata. Making) iind LiJiaceen {Maianthemum 
Convallarea, Wegg. et Roth). Bei dieser Mykorrbiza kommen die 
Pilzfaden nur in Rindenzellen und nicht in Epidermiszellen vor. Die 
in cine Zelle eindringenden Pilzfaden sind gewbhnlich sehr verdickt 



Fig. a Eiidotrophe Mykorrhi/a 'lypus III 2 nus Molinia japomca, HAf'K 
a) Ausjpn- Gestalt ta y'i 
|j) Quersthnitt, yeigt Pili!nias<io in Rindenzpllen. 

<•) Vergrosserter Quersthnitt, zeigt Pilzfaden in Rindenzellen 




Fig 6 Endotrophe Mykorrhira Tyua III. 2 aus einer einjahngen Pflanze 
von Maianthemum smdacium, A. GafeY. 

a) Ausaere Gestalt, ca. x 1. 

b) Querschnitt; zeigt einige Pilzmasaen m Kindenzellen. 

e) VergriSsserte Rindenzelle mit PilzfSden und einer grossen Menge 
von StSrkekdrnchen. 
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und bilden da eine ziemlich feste und verwirite Masse Wir konnen 
ofters den Kern der Zelle an der zentralen Stelle crkennen, wo die 
Pilzfaden sich sammeln. 

WURZELBAU DEIl MYKORRHIZA 

Der Wurzelbau ist ganz verscbieden, je nach der Verschiedenheit 
des Mykorrhiza-Typus. Kr lasst sich in zwei Typen unterschieden. 

J) Wurzelbau der ektotrophen Mykorrhiza. 

Bei der zusammengesetzton Mykorrhiza stellen die mit Pilzfaden 
umhiilUen Wurzeln cine regeltn^sige, gabelformige Verzweigung 
(Dichotomie) dar, aber ihre b2ntwicklung ist schlecht, und zwar bleibt 
der Zentralzylindcv nur im jungen Zustande, wahrend dii' Rindenzellcn 
etwas grosser als normal sind. Bei der Mykorrhiza des Typus I. 2. A. 
lasst sich auch einc auffallende Vei-anderung in den Epidermiszellen 
erkennen ; diese Zellen strecken sich in radialer Richtung hus. Diese 
anormale Entwicklung ist wahrsi'heinhch darauf zuriickzufiihren, dass 
die Pilzfaden zwischen aJle jungen Epidermiszellen in der Nahe der 
Wurzclspitze eindringen und das Hartigsi he Netzwerk bilden. Dadurch 
wird das Langenwachstum der Epidermiszellen gehcmmt, die nur bloss 
noch in radialer Richtung wachsen konnen. Eine verhaltnismassige 
Verdickung der Wurzel dieser Form verursacht wahrschemlich auch 
die radiale Ausdehung der Epidermiszellen. Keine Veranderung des 
Gewebes im Typus I. 2. B. lasst sich erkennen. 

Bei heterotrophiscber Mykorrhiza kann man das Eindringen der 
Pilzfaden in die Zellen beobachten, doch lasst sich keine besondere 
Veranderung des Gewebes erkennen, obwohl sich die Epidermiszellen, 
in denen wenige Pilzfaden vorkommen, vergrdssern. 

Kurz, auffallende Vergrbsserung der Epidermiszellen und der 
naheliegenden Rindenzellen ist das Kennzeichen der ektotrophen 
Mykorrhiza, wahrend die Entwicklung des Zentralzylinders schlecht 
und die Zellteijung in der Wurzelspitze auch unaktiv ist. Das Wach- 
stum dieser verpiltzten Wurzel ist deshalb im ganzen nicht gut. 

2) Wurzelbau der endotrophen Mykorrhiza. 

Bei fast alien Pflanzen von Ericaceen, die in den jungen Wurzel- 
epidermiszellen Pilzfaden besitZen, sind die Epidermiszellen auffallend 
vergrbssert, wahrend die Rinde und der Zentralzylinder sich schlecht 
entwickeln. Die Epidermiszellen zeigen auch da, wo zahlreiche Pilz- 
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fiiden vorhanden sind, kein Langenwadistum ; sie werden grosse vier- 
eckige Zellen. Die Epidermiszellen der alteren Wurzeln werden aber 
durch die Vcrdauung der Pilzfaden verkleinert und verschwinden spater. 

Die Rmdenzellen mit Pilzfaden sind auch sehr vergrossert, dagegen 
ist die Entwicklung des Zcntralzyhnders etwas schlecht. Die anderen 
Teile zeigen aber normale Entwicklung. 

Ausserk Gestalt der Mykorrhiza. 

Die Mykorrhiza stellt ]e na<-h der Verschiedenheit des Typus auch 
verschiedene Verzweigung dar. Die Gestalt der Mykorrhiza ist be- 
cberahnlich oder eiliptlsch, deren Obei flache geibweiss und sammet'ahn- 
lich ist. Bei der einfachen Mykorrhiza findet sich etwas regelmiissige 
Verzweigung, und die Wurzeln smd ziemlich verdickt. Die Oberflache 
der jungen Mykorrhiza ist weiss, wird aber spater gelb-braun. Der 
Typus I. 2. B , der von einer festen Pilzschicht umhujlt ist, zeigt 
ein ganz ahnliches Aussehen wio der normale. Die endotrophe Mykor- 
rhiza, besonders die des Typus III. 1. Ist haarartig und verzweigt 
sich wiederholt. Dagegen findet bei dein Typus III. 2. nur verhaltnis- 
massig geringe Verzweigung statt. Die Mykorrhiza der Grammeen 
gehdrt auch zu diesem Typus, aber sie verzweigt sich stark und 
unregelmassig und lasst sich dadurch von den normalen Wurzeln 
deutlich unterscheiden 

Alle Mykorrhizien verzweigen sich im allgemeinen stark, aber ihre 
Entwicklung ist schlechter als die der normalen Wurzeln, obwohl ein 
anormales Dickenwachstum bei einigen Mykorrhizien haufig zu ericen- 
nen ist. 


ZUSAMMENPASSIJNG 

1) Die meisten Gewachse im Solfataren-Gebiete auf dem Berg 
Hakkoda besitzen Mykorrhiza, die zu verschiedenen Typen gehort. 

2) Die aussere Form und der innere Baw der .Mykorrhiza im 
Solfataren-Gebiete sind ganz abnlidi wie die der auf gewbhnlichen 
Waldbiiden gefundenen. 

3) Die anormale Verdickung gewisser ektotroph^i Myknnldai 
wird nicht nur vom Pilzmantel, sondern auch vom radialen Wachstum 
der Epidermiszellen hervorgenifen. 



Report of the Biological Survey of Mutsu Bay. 

17. Hirudinea.^) 

By 

Asajim) Oka. 

ZoologiccJ In«titutc, College of Litcreture an<i Science, Tokyo. 

(With 3 t«it.figui<es), 

The fauna of Mutau Bay can not be said to be rich in Hirudinea, 
as it includes so far only three species of this group of Annelids. 
Two of these are parasitic on teleostean Fishes, while the third was 
found upon a Mollusc, a case quite exceptional among the Ichthy- 
obdellidae. The absence of the genus Pontobdella, by no means rare 
on our coasts, is rather conspicuous. 

The three leeches now known to occur tn Mutsu Bay, systematically 
arranged, are as follows: 

Order Rhynchobdellida 
Family Ichthyobdellidae 

Gen. Ichthyobdella de BLA[^mLU; 1827, emend. Oka 1910. 

1. 7. uobir Oka 1910. 

Gen. CallMdla van Benedbn et Hsssf. 1864, emend. Oka 1910. 

2. C. livaaovi Oka 1910. 

Gen. OstnabdeUa Oka 1927. 

3. O. kakibir Oka-'1927. 

It must be remarked that the eiassiiication of marine leeches is 
still in a primitive condition, being based almost exclusively upon 
external charactet*, 'such as foriii;, colour, annulation, size of suckers, 
etc. It is thea«fore evidfent jftwt, when the. internal organization of 
this {proup is/better known, a lange part of the species would have 
to be rearranged, and the generic designations now in use are to be 
considmtdt^ so far gs such forms are concerned, as provisional. 

from the hbiim fihdogkel Ai«mu*bi, Aomori-Ken. No. 57. 
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1. IchthyobdeUa uobir Oka 1910. 

Oka, a. Synopsis der japanischen Hirudineen, mit DisKnosen der neuen Species. 
AnnoL Zool. Japan., Vol. VJI. 19la 

The body is elongated, depressed, with rounded margins, and 
divided into two regions, the neck and body, the posterior fourth of 
the former being slightly narrowed to form the clitellum. The anterior 
sucker is cup-shai)ed, not much wider than the neck, and is directed 
ventrally. The posterior sucker is hemispherical with a diameter about 
equal to the widest part of the abdomen, and is fixed to the latter 
by a rather narrow peduncle. Specimens kept in alcohol for a long 
time are of a uniform pale greyish colour, but in fresh state the 
dorsal surface presents a serums of indistinct transverse bands of a 
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Fir. 1. IchthyobdeUa uobre, , 

A Outline of body, natural sire. 

B Entire animal, x2 
C Anterior region, x4 

brownish tint, that on the clitellum being somewhat daricer than the 
rest. Besides, the oral sucker is ornamented with a narrow crescentic 
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band of the same colour about half way between its margin and the 
centre. 

The largest specimen measures about 36 mm. in length and 7 mm. 
in breadth at the widest part, which lies in the middle of the abdomen. 

The annulation is on the whole rather indistinct, especially in the 
abdominal region, where the integument appears in may specimens 
only irregularly wrinkled. In reality it consists for the most part of 
triannulate somites, whose primary rings are more or less clearly 
subdivided into secondary annuli. In the neck the rings are more 
distinct, and thirteen or fourteen of them may be counted in front of 
the clitellum. The latter is composed of seven or eight rings, much 
narrower than those of the neck proper. The anterior sucker shows 
on the dorsal surface indications of annulation, but too faint to be 
exactly counted. No such trace is visible on the posterior sucker. 

The anterior sucker is circular in outline, and attached excentrally 
behind the centre. The mouth opening is very small, and is situated 
nearly at the centre of the concavity. 

There are three pairs of eyes, two on the dorsal surface of the 
anterior sucker and one on the dorsal surface of the anterior part of 
the neck. They are small, black, and arranged as shown in Fig. 1, C. 

The sexual pores are both on the ventral surface of the clitellum. 
The male orifice, which occupies the median region, is very large and 
conspicuous. The female pore, on the contrary, is extremely small and 
often difficult to detect ; it is located near the posterior margin of 
the clitellum. 

The anus is separated from the posterior sucker by two postanal 
annuli. 

Six pairs of low round elevations which are sometimes obseiwable 
on the ventral surface of the abdomen indicate the positions of the 
testes. 

Locality : Higashi Tazawa-oki ; on the inner surface of operculum 
of Gadus macrocephahts. 8. 11. 1929. Twelve specimens. 

2. Callobdelia livanovi Oka 1910. 

Oka, a. Synopsis der jspsnischen Hirudineen, mil Diagnosen der neuen Species. 
Annot. Zool. Japon., Vol. VII. 1910, 



Oka, a. Sur U notphologie et la variabitil* de la CallohdeUa Ueanom. Proc. 
Imp. Acad.. Vol. IV. 1928. 

The body is cylindrical or claviform, litde if at all depressed, and 
terminated by a sucker at each end. The length is about 30 mm. 
and the breadth zibout 4 mm. at the widest part. The body proper 
is divided into two regions, as in the preceding species, hut unlike 
the latter the abdomen is provided with twelve pairs of globular 
respiratory vesicles, some of which, however, may be hidden when 
•contracted. The anterior and posterior suckers are both separated 
from the body by well marked constrictions. 

The anterior sucker is hemispherical or discoidal, about as long as 
wide, m^d fixed excentrically. It presents on its dorsal surface a 
number of shallow concentric furrows, which are no doubt interannular 




Fig. 2. Callobdella livanovi, i 
A Outline of body, natural size. 

B Entire animal, x4 
C Anterior region, XlO 

furrows of the cephalic region. The mouth opening is at the centre 
of the lower surface of the sucher. There are no eyes. 
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The neck is formed of about twenty rings of unequal size, the 
larger ones being subdivided by a more or less distinct transverse 
furrow. The posterior third of the neck is transformed into a clitellum, 
on the ventral surface of which the sexual pores are placed. The 
latter are separated from each other by four small rings, and between 
the female pore and the commencement of the abdomen are two 
small rings, of which the posterior is generally concealed in the deep 
furrow separating the cervical region from the abdominal. 

In the abdominal region it is easy to recognize from the position 
of the lateral respiratory vesicles, that each somite consists of six 
secondary rings resulting from the subdivision of the three primary 
annuli. There are twelve such somites, then follow six rings forming 
three groups of two rings each. The anus opens on the last ring 
but one, at some distance from the posterior sucker. 

The posterior sucker is rdatively small and directed posteriorly, 
so that it looks like a simple omtinuation of the abdominal region. 
Like the anterior sucker it presents a number of parallel circular 
furrows, indicating the boundaries of the postabdominal annuli, but 
they become too faint posteriorly to be counted with certainty. 

This species is remarkable for its extreme variability in coloration. 
The ground colour is in some specimens dark olive green, almost black, 
in others reddish brown, while in stfli others it is pale brown or even 
wbiteh. In certain individuals the dorsal and ventral surfaces are of 
different colours, for instance, the vaitral surface being pale brown 
and the dorsal blackish. The respiratory vesicles are always opaque 
white, and may be joined with one another by a narrow longitudinal 
white line running along the latanl margin of the body. In addition 
to thb there is a langitudinal series of small white spots arranged 
metamerically st a little distance from the lateral vesicles and on the 
same ring, both dorsally and ventrally. These spots as well as the 
marginal lines fu^ of course not so conspicuous on light coloured 
individuals as on daik ones. 

Localities: 

Hcmotsuki, Iff. V. 1927. specimens. 

„ , on Tetrodon sp. 20. V. 1927. 2 specimens. 

Assmushi, 23. VI. 1927. 1 ^cimen. 

„ , on Cotius sp. 7. VII. 1927. 9 specimens. 
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Asamushi, on Sebastichthya sp. 29. VII. 1927. 5 specimens. 

„ , on Sebastodes scMegeli. 29. VII. 1927. 8 specimens. 

„ , „ „ 5. VIII. 1927. 27 specimens. 

„ , „ „ 11. VIII. 1927. 10 specimens. 

„ , on Sebastichthya sp. 14. VIII. 7 specimens. 

„ , on Sebastodes mitsukurii. 16. VIII. 1927. 8 specimens. 

„ , „ 26. VIII. 1927. 2 specimens. 

„ , „ „ 15. IX. 1927. 21 specimens. 

As may be seen from the above list, this is by far the most com- 
mon of the marine leeches m Mutsu Bay. It is found almost exclusively 
upon Acanthopterygian fishes. 

3. Ostreobdella kakibir Oka 1927. 

Oka, a .Sur one nouvpllo hhthyobdelle parasite de I’Huitre Proc. Imp. Acad, 
Vol. Ill 1927. 

This is a very small leech, the largt'st s{)ecimen measuring only 
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Fig. 3. Ostreobdella kaktbir < 

A Outline of body, natural size. 

B Entire animal. x6 
C Anterior region, x 15 

14 mm. in length and 2 mm. in breadth at the widest part. The body 
is claviform or fusiform, tapering toward both ends, where it bears 
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a relatively large sucker. Unlike most of the ichthyobdellidae, there 
is no distinction between the neck and abdomen, and the cross section 
is circular at any point of the body. The clitellar region, too, cannot 
be distinguished by its form externally. 

The surface of the body is perfectly smooth, no papillae or tubercles 
being recognizable. The colour in general is a dark brown, a little 
paler on the ventral surface. An oval whitish patch on the dorsal surface 
indicates the position of the clitellar region. Behind this the ground 
colour is mterrupted metamerically by transverse bands of whitish tint, 
which may be joined with one another by narrow longitudinal streaks 
of the same colour. In the cervical region, the transverse bands are 
broken up into transverse rows of round patches, which may be jointed 
in the same way by longitudinal lines. 

The anterior sucker is circular and disc shaped ; it is attached to 
the neck cxcentrically posterior to the centre. The mouth opening is 
situated at the centre of the under surface. The upper surface is 
convex and shows a numlier of more or less distinct concentric furrows, 
evidently the interannular furrows of the cephalic region. 

A pair of small black eyes are seen on the dorsal surface of the 
anterior sucker. They are rather wide apart, and ai:e separated from 
the neck by two cephalic rings. In specimens preserved in alcohol 
they are generally concealed by the brown pigment of the skin. 

The number of rings composing the body proper is about 80. In 
general four rings form a somite, of which the second is easily 
recognizable by the presence of the whitish transverse band referred 
to above. 

This species is very remarkable in having the rings subdivided by 
delicate annulations into a definite number of minute annuli. Toward 
both extremities, however, there is no trace of such secondary annulation. 

The sexual pores are situated on the ventral surface of the clitellar 
region about opposite to the large white patch mentioned above. They 
are separated from each other by three rings. 

The anus is placed on the dorso-median line just behind the last 
ring, i. e. between the abdomep and posterior sucker. 

The posterior sudeer is circular, cup-shaped, and directed obliquely 
badeward. It is divided into rings by interannular furrows, of which 
the first two or three are fairly distinct, while the succeeding ones are 
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in most cases too faint to be counted Eleven blade ey^edflte s|iots 
are arranged along the posterior and lateral margins ci the aidGtf 
LocaUty Asamushi, on the shell of living Osina g^gas 24 III 
1927 Two lots, 7 and 2 specimens 
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By 

Yoshiwo Horikawa. 

Botanii'a! Laboratorv, Hiroshima I'niversity, Japan. 
(With Pis .XXI-XXIIl & Vi Text-Ki»fiire.) 


Gt nus: WIESNERELLA Schiffner {IH 96 ) 

Wiesnerella denudata (Mirr.) Stephani 
(Toxt-FiKs 


nunuirtt>‘rii denudata 
MtTTF.N, Proi l.inn Soi 
Vol V, p 125 aShO) 

Wiesenerelln denudata 
Sut’HANi, S|M‘< Hepnl 
Vol I. p 151 (IHW) & 
Vol VI, p 1« (1917) 

MonoK-ou'^ or di- 
ou’ous. HvKrophvte 
Growing in oxtended, 
dark to light groon, 
shmv layors. Thallus 
0.8- 1.2 cm wide and 
(i-8cm. long firm 
and leathery, furcate 
but apparently mono- 
podial at lower parts, 
margin repand-undu- 
late, ohcordate at the 
apex. Dorsal epider- 
mis composed of 4- 
7-anglcd cells with 
thin walls, mostly 
30-45 /' wide (averag- 
ing about 38/<) and 



Trxl Fig 1 Growing hahit of Wtenenerella 
denudata with 4- & f receplatlcs. ca 1/2 
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Text Fig 2 Wtennere/Ja denudala (Mitt ) StepMani 
1 Plant bearing 4 & ^ reieptailes, in nat sue. 2 Vofe, in surface view, 
X 160 3 Ditto, in cross-section, x 160 4 Marginal portion of thallus, in cross- 

section, xl60. 5. Ventral scale with appendage, x42 6 Cross-section of female 

peduncle, cut near apex, x26 7. Ditto, near base, x26. 8 Upper surface view 

of female receptacle, in nat, size 9 Capsule-wall, in suiface view, xl60, 10, 
Spores, x280 11 Elater, x280. 12 End of brandling elater, x320. 13 

Longitudinal section of J receptacle, X 14 
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48-*98/< long (averaging about 70 f*). Pores (mrith tbeir surrounding 
eeQs) simple, devated, mostly 90-t05ju wide and 117-123/4 long. 
With 3-4 concentric rings, each ring being usually composed of 4 
hyaline ceUs. Rhizoids numerous and almost oolouiless. smooth or 
taboKettlate. Air-chambers low, their boundaries distinct, occui^ing 
dbout 1/3 of thickness in the middle and almost all of it in the marginal 
pintion, Midrib slightly promln«nt below ; compact ventral tissue mostly 
11-15 cells thick in the median portion, the walls thin throughout, 
oil-cells distinct and scattmed, gradually passing into the lamina, ending 
in a 1-celled margm. Ventral surface green, scales in one row on 
eAdt side til the mkfaiSb, hyahne and very tender, broadly lunate with 
a rotundate appendage and a few oil-cells. 4- receptacle convex and 
h^lhispberieal, tight green, bearing simple pores on upper surface, 
divl^ to the middle into 5-7 (normally 6) acutcdy triangular bbes. 
Capsule aubglobose, radier longly pedicellate, exserted from the in- 
volucre, iriwgulariy dehiscing by four valves ; walla of a single layer 
of cells, with yellowish annular thickenings. Peduncle of -4 receptacle 
25-35 mm. long, hyalme except purple base, with 2 rhiand-furrows. 
Spores 40-4$ /< in diameter, blackish^brown, covered with very un- 
doiti|ing folds, minutaiy retkidate. Heaters luown, slander and bent, 
8-10 /< broad and 306-415 /< long, biipiral, bn|^ attenuate, very 
rarely branched, t receptacle disciform, 1-1.5 nm. in dimnder, 
arising from the « 4 >ex of a branch, the peduncle very short and broad. 

*Fr. Apnl — May. 

Hab. On wet s(dl or. rocks in the mountainous regions. 


Hooshiu: Yugashima* prov. Idsu (C. Tsuge, 1866) ; Insl. Miya- 
Aki (Y. -Hobikawa, no. 74, May 1923) ; Iwakuni, prov. 
no. 281. March 1927). 

' Waskisv pTOT. Tosa (Y. Horikawa, no. 160, 

Tamana-gori, prov. Higo (Y. Horikawa, 
4l«f- ; Watari, prov. (K. Mayebara, no. 47, 

Ife lit Aoidake. pm fuga (Y. Horikawa. no. 407, 433 
^ 1927); KagosbhNIk, pcpv. Sstsuma (Y. Horikawa, no 

Mkt Sedowm* lIpj^gsiiipiOT Shmohilm {Y Shimada, 
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no. 27, June 1928). 

Distr. Himalaya and Hawai Isl. 

Remarks. About ten years before the appearance of the genus 
Wiesenerella by ScHiFFNER, the late Tsuge * already figured this 
plant as Reboulia sp. basing on fertile specimen collected by himself 
at Yugashima in the province of Idsu. 

Genus: MARCHANTIA Linne (1753) 

Marchantia diptera Montagne 

(FI. XXI & Text-FiR. 3) 

Marchantia diptera Montacne, Ann. Sc Nat, p 24S (1843). 

Marchantia calcarata .Sth'HANI, Bull Herb Boiss Vol. V, p 98 (1897). 
Marchantia planipnra Stephani, Spec Hepat Vol I, p 170 (1899) 

Dioicous Mesophytic or somewhat hygrophytic. Growing in ex- 
tended dense layers Thallus pale to deep green, often glaucous, 
usually pigmented wtth purple, especially near the margin and on the 
lower surface, mostly 0.6-1. 1cm wide' and 3-5 cm. long, repeatedly 
dichotomous, texture robust and leathery, margin more or less enspate 
but entire. Dorsal epidermis composed of 4-7-angled cells with thick- 
ened walls, sometimes in two layers, mostly 24-45 p wide (averaging 
about 34 /i) and 63-75 /i long (averaging about 69/^), papillae absent. 
Pores (with their surrounding cells) mostly 72-95 a wide and 100- 
117 p long, surrounded usually by six rows of cells (3 in the upper 
and 3 in the lower series), inner opening usually cruciate (often 5- 
or 6-sided) the bounding cells with resinous deposits. Air-chambers 
present everywhere, their boundaries distinct when viewed through 
the epidermis, occupying ca. 1/8 of thickness in the middle. Midrib 
prominent below ; compact ventral tissue mostly 22-27 cells thick in 
the median portion, the walls pigmented with purple and infected 
with fungus, sclerotic cells usually distinct, scattered, mostly 9-14 in 
a cross-section, confined to median portion. Veittral scales purple, in 
two rows on each side of the midrib, the laminar scales alternating 
with the median ones and only a little nearer to the margin, appen- 
dages of median scales ovate-orbicular, mostly 0.5-0.67 mm. long and 

* Tsuge, C., Hepat, of Hakone, Idsu, Nikko, Tokyo and lU vicinity. MSS. It U 
preserved at Bot InatiUite, Tokyo Imp. University. 
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Wide, apex rounded to broadly obtuse, margin entire or vaguely 
dentate, cells showing a gradual decrease in size towards the margin, 
cells containing oil-bodies present. receptacle disciform, 7-13 mm. 
broad (mostly 10 mm.), usually not deeply 9-lobed (often 8-, more 
rarely 7-, 10-, 11- or 6-lobed), the lobes when young or sterile 
bended downwards, when fertilized becoming horizontal, 1.5-2 mm. 
long, flat, dilated at the truncate to emarginate apex, basal sinus 
considerably broader than the others, two basal lobes sometimes far 
larger than the others, disc with a median papilliform protuberance 
(about 1 mm. in diameter) and corresponding distinct ridges with the 
lobes. Capsule rather longly pedicellate, somewhat exserted, oval and 
brownish yellow. Peduncle of receptacle 3-7 cm. long (mostly 
5 cm.), with 2 rhizoid-furrows and a single broad dorsal band of air- 
chambers, hairs scattered and rather numerous. Involucre usually 
pigmented with purple, deeply and irregularly lobed, the lobes longly 
acuminate. Spores brownish-yellow, 20-24 in diameter, coarsely 
mammillose. Elaters yellow, 6-8 ft wide and 288-750 // long, bispiral, 
longly attenuate to slender extremities, rarely shortened or branched. 
$ receptacle mostly 5-7 mm. wide, disciform, shortly lobed, the lobes 
mostly 8 (rarely 7), rounded and with thin, revolute wavy margin, 
ventral scales restricted to the middle portion of disc ; peduncle 10- 
14 mm. long, usually with 2 to 4 rhizoid-furrows, destitute of dorsal 
air-chambers, nearly smooth. Cupules deeply lobed, the lobes acute, 
dentate to short-spinose on the sides, outer surface with epidermal 
papillae. 

Ft. June. 

Hob. On moist soil among rocks and on hanks. 

hoc. 

Honshiu ; Mt. Komagadake, prov. Ugo (1. Kashimura, no. 26, 
July 1928) ; Obara-mura, prov. Rikuzen (Y. Horikawa, no. 1020, 
Oct. 1927) ; Mt. Temmctku, prov. Kai (K. Tamura, no. 70 a, Oct. 
1902) ; Mt. Amagi, prov. Idsu (K. Hisauti, no. 1, March 1928) ; 
Takahashi-machi, prov. Bitchu (M. Inumaru, no. 1, Nov. 1928) ; Hiro- 
shima, prov. Aki (Y. Horikawa, po. 94, May 1923 & no. 208, May 
1924) ; Iwakuni, prov. Suou (Y. HorikAwa, no. 282, March 1927). 

Shikoku: Kochi-park, prov. Tosa (B. Kuzume, no. 223, Aug. 
1926) ; Mt. Ishiduzi, prov. lyo (1. Kashimura, June 1930). 



628 


Y. HORIKAWA 


Kiushiu : Nankwan-machi, prov. Higo (Y. Horikawa, no. 640, 
Apr. 1927) ; Hieda, Kumamoto, prov. Higo (Y. Horikawa, no. 634, 
Apr. 1927) ; Aida, prov. Higo (K. Mayebara, no. 5, Fd). 1927 & 
no. 16, 33, 36, March 1927) ; Nishize, prov. Higo (K. Mayebara, 
no. 37, March 1927 & no. 41, Apr. 1^8) ; Watari, prov. Higo (K. 
Mayebara, no. 44, 45, Apr. 1928) ; Mt. Aoidake, prov. Hiuga (Y. 
Horikawa, no. 447, Apr. 1927) ; Aoshima-mura, prov. Hiuga (Y. 
Horikawa, no. 362, Apr. 1927) ; lshuin*machi, prov. Satsuma (A. 
IWAKAWA, no. 4, Feb. 1929) ; Kagodiima, prov. Satsuma (Y. Horikawa, 
no. 565, 581, 582, 583, Apr. 1927). 

Formosa : Mt. Sumahan, Taiko-gun, prov. Shinchiku (Y. Shimada, 
no. 24, June 1928). 

Distr. The species endemic? 

Remarks. Throughout the southern part of Japan this species is 
exceedingly abundant. Towards the north Marchantia polymorpha 
makes its abundance and Marchantia diptera becomes less and leas 
at last quite extinct. This belongs to an exceedingly variable species 
according to the differences in environmental conditions. Fertile and 
sterile female receptacles are apparently so distinct from each other 
but they are connected by intermediate ones (Text-Fig. 3), when 





Text-Fig. 3. Some types of imperfect female receptacle, ca. x2. 

receptacle is young or fertilization has not yet taken place, the lobes 
do not spread horizontally but extended downwards and under this 
circumstance, the median protuberance and the radiating ridges are 
only slightly developed. The number of lobes in 4- rec^tacle varies 
rather widely. Following taUe h an example counted from 262 numbers. 
Table 1. Lobe-number of -?■ receptacles. 


No« of lobes 1 6 

1 ^ 

8 , 

_ • 1 

10 

11 

0 iroapt 

Frequency (1) | 1 

-1- 

sr 

182 

8 

$ 

289 

Percentage | P.rS 

S.4S 

18.12 

88. S7 1 

1.07 

1 

0.71 

ICO 
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Taxonomically Marchantia dipiera hAI « MMmblance to M. 
paleacea Bert.,*' but it is provided epidiiwfaAl papillae on the 
outer surface of cupules. 

Marchantia radiata Horikawa, sp. nov. 

(PI. XXII Text F«. 4) 

Dioicous. Mesophytk or somewhat hygrophytic. Growing in ex- 
tended dense layers, green to dark green, more or less shiny. Thallus 
repeatedly dichotomous, mostly 4-6 mm. broad and to 3 cm. long, firm 
and leathery, sometimes pigmented with purple on ventral surface, 
margin nearly entire. Dorsal epidermis composed of 5-7-angled cells 
with slightly thickened walls, sometimes in 2 layers, mostly 45-64/* 
long (averaging about 55 /*) and 23-30 p wide (averaging about 26 /*), 
papillae absent. Pores (with their surrounding cells) mostly 90-120/* 
long and 78-90 p wide, surrounded usually by 6-8 rows of cells, inner 
opening usually 4-sided, rarely 3- or 5-sided, not cruciate, each 
bounding cell often projecting inwards in the form of a rounded 
papilla. Air-chambers present everywhere, their boundaries distinct 
when viewed through the epidermis, occupying ca. 1-5 of thickness 
in the middle. Midrib prominent below; compact ventral tissue 
mostly 21-30 cells thick in the median portion, the walls pigmented 
with purple and more or less thickened, infected with fungus, sclerotic 
cells distinct, scattered, mostly 20-30 or more in a cross-section, usually 
confined to median region. Ventral scales pigmented with purple, in 
two rows on each side of the midrib, the row of laminar scales more 
or less irregular but tending to alternate with the median scales and 
not much Nearer the margin, appendages of median scales ovate in 
oudtne, mosdy 0,23-0.27 ram. wide, 0.31-0.45 mm, long, apex usually 
apiculate or acute, margin irregularly tooths, the teeth mostly one- 
celled, cells lapwing a gradual an^ slight decrease in size towards 
the margin. SUs containing oil-bodies nearly always lacking. 
receptacle circular in outline, 6-7 mm. in diameter, usually deeply and 
radfkbymmetziC&lty IJ-ridbed (ottCn 16-, ' rarely 9-, 12-lobed , the 
lobea spreading at maturity, '±2 mm. long, suddenly dilated at the 

* Mau^BR. K., fUaBNHORaT’c KryptaCusen-FlorB, 2 A«fl. 6 Bd. I Abt., s. 307 (1907); 

I^VAm, A., Tr*o». A«wL Aita mmI Sd, Vol. 21, p. 253 (1917). 
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truncate to emarginate apex, upper surface of disc and lobes usually 
convex, the median papilliform protuberance distinct sometimes indis- 
tinct, basal sinus as same broad as the others. Capsule rather longly 
pedicellate, slightly exserted, oval and yellow. Peduncle of recep- 
tacle 20-35 mm. long (mostly 30 mm.), with 2 rhizoid-furrows and a 
single broad dorsal band of air-chambers, hairs scattered and rather 
numerous, more crowded at the upper end. Involucre hyaline, folded 
and revoluted, the lobes rounded and entire. Spores yellow, 23-27.7 ft 
in diameter, bearing a series of very low and narrower ridges not 
forming a network. Elaters yellowish-brown, mostly 6-8/^ wide, 
472-540 long, bispiral. ^ receptacle mostly 6-8 mm. or more 
broad, palmately 4-9-lobed, the basal sinus a very broad angle or a 
straight line, the lobes mostly 3-5 mm. long, 1.5-2 mm. wide, rounded 
at the apex, with thin somewhat revolute margin extending across 
the basal sinus, ventral scales imbricated, mostly in two rows ; peduncle 
15-23 mm. long, with 2 to 4 rhizoid-furrows, destitute of dorsal air- 
chambers, hairs scattered throughout. Cupules irregularly denticulate 
to ciliate, the teeth mostly 2-6 cells long, epidermal papillae lacking. 

Fr. June. 

Hab. On rocks and on soil among rocks in rather moist places. 

Loc. 

Honshiu ; Mt. Temmoku, prov. Kai (K. Tamura, Oct. 1912) ; 
Hiroshima, prov. Aki (Y. Horikawa, no. 202, Apr. 1924 ; no. 1819, 
June 1930) : Yahata-mura, prov. Aki (Y. Horikawa, no. 212, May 
1924) ; Iwakuni, prov. Suou (S. Ono, June 1929). 

Shikoku : Prov. Tosa (T. Yoshinaga, June 1930) ; Kochi-park, 
prov. Tosa (Y. Horikawa, no. 152, March 1924). 

Kiushiu : Nankwan-machi, prov. Higo (Y. Horikawa, no. 219, 
July 1925) ; Sakaki-mura, prov. Higo (Y. Horikawa, no. 313, Apr. 

1927) ; Kumamoto, prov. Higo (Y. Horikawa, no. 217 & 218, March 
1925, no, 632, Apr. 1927) ; Aida, prov. Higo (K. Mayebara, no. 42 
& 43, Apr. 1928) ; Watari, prov. Higo (K. Mayebara, no. 46, Apr. 

1928) ; Mt. Aoidake, prov. Hiuga (Y. Horikawa, no, 478, Apr. 1927) ; 
Aoshima-mura, prov. Hiuga (Y. Horikawa, no. 365, Apr. 1927) ; 
Kagoshima, prov. Satsuma (Y. Horikawa, no. 543, 544, 545, 546, 
575, 576, 577, 578, 579, 580, 584, 611, Apr. 1927). 

Formosa ; Mt. Sumahan, Taiko-gun, prov. Shinchiku (Y. Shimada, 
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no. 25. June 1928) ; Komokwan, Chikunan-gi^;' prov. Shinchiku (Y. 
Shimada, no. 2, Nov. 1927). 

Distr. The species endemic. 

Remarks. The present species is nearly related to Marchantia 
emarginata Nees.(=M palmata Nees.), * but the latter differs from 
the former in the occurence of epidermal papillae and the semi-circular 
disc of receptacle. The modifications in the lobe-number of and 
receptacle are as follows: 


Table 2. Lobe-number of receptacle. 




H 

0 

10 

11 j 

12 

1.3 ; 

1 7 groups 



H 

21 

47 

144 j 

10 

2 , 

1 23B 




8.94 

20.90 

61 29 

4.27 

0.S7 ; 

! 100 


Table 3. Lobe-number of ^ receptacle. 


No* of lobes ji .3 

4 

B 

6 

7 

8 

9 

10 

12 

18 

10 groups 

Frequency (f; !l 1 

31 

64 

9.3 

64 

28 

11 

2 

1 

1 

276 

F*ercentage | O.Sf 

11.23 

19.66 

.3,3. 7(^ 

19.67 

10.14 

3.99 

0.7.3 

0..36 

0.36 

100 


« ^ 



Text-Fig. 4. Some type* of male receptacle, ca. x2. 


* ScHiFPNEii, V., Flore de Buitenzorg, 4 6roe Partie, p. .31 (1900). 
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Maidumtia toMuia STEraAifl, Bd} H«rb 8(H9 a, 

Vol V p 99 (1897) 

(PI XXllI 

Mesophytic or somewhat hygrophytic Growing ih ileiue 
iajrerf of a pide green to dark green colour Thailus repeatedly 
dichotooioiu, mostly 3-5 mm broad and to 3 cm long Arm, sometimes 
pigmented with purple on ventral surface margin entire Dorsal 
epidermis composed of 4-8-angled cells with tbm walls, of one layer, 
mostly 30-00 long (averaging about 43//) and 18-30// wide (averag- 
ing about 23 /»), papiHae absmit Pores (with their surrounding cells) 
mostly 130-216// long and 90-144// widt surrounded usually by six 
rows of cells (3 in the upper and 3 in the lower senes) inner opening 
usually 4-8ided not cruciate Au^cbambers present everywhere, their 
boundaries distmct, occupying ca. 1/5 of thickness m the middle. 
Midrib prominent below compact ventral tissue mostly 18-20 cdls 
thick in the median portion destitute of slime cells and sclerotic 
cells usually with slightly thickened walls, the walls pivmented with 
purple and infected with fungus Ventral scales purple in two rows 
on each side of the midrib median and laminar scarcely imbricated, 
the row of laminar scales not much nearer the margin, appendages 
of median scales ovate in outline, mostly 0 198-0.36 mm wide, 0 3- 
0 45 mm long, apex obtuse to apioilate, margin irregularly toothed, 
the teeth mostly one-celled, cells showmg a gradual and slight decrease 
in size towards the margm, c^s contammg oil bodies lacking 
receptacle nearly semi-circular m oudme, 4-6 mm wide usually deeply 
5 7 lobed the lobes spreadmg at maturdy, ±\\ mm long nearly 
flat the apex truncate to emargmate, basal anus far broader (120“- 
180°) than the others, upper surface of disc and lobes usually plane 
Capsule longlv pedicellate, exserted, oval and yellowish brown Pe 
dunde of 4 receptacle 15-25 mm long, with 2 rhizoid furrows and 
a single broad dorsal band of aii>chamb^ «Nlh a few scattered hairs 
or almost naked Invduere hyahne, sonvewliat imgularly lobed and 
cnspate otherwise entire SpOFM brownish yellow, 24-*30// m diameter, 
bearing low lamellae, forming a 4i9lW sOteetinwi j||Pstinct 
reticulum Elaters yellow, mostly 6 72 ilhde, 2|M**04^ 
pu-al t receptacle mostly 6-10 mm 
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the basal sinus a very broad angle, the lobes veriable in sir.e and 
often transformed into thalli bearing cupules and rhizoids, with a thin 
wavy margin extending across the basal sinus, ventral scales imbricated ; 
peduncle 12-15 mm long, with 2-1 rhizoid-furrows, destitute of dorsal 
air-chambers, baii-s scanty or almost naked. Cupules more or less 
closely ciliate to denticulate, the cilia mostly one to five cells long, 
outer surface without papillae. 

Fr. May — June 

Hah. On soil among rocks in rather moist places 

L(k-. 

Shikoku: Knchi, prov. Tosa (T. Yo.shinaga, June 1980). 

Disti. This species endemic. 

Remarks. Dr. Okamuka * reported the regeneiation of the $ 
receptacle in Japanese Marchantia (M. cunetloha etc.) The same 
phenomenon is observed also often in M. tosana (for this mateiial 
the author acknowledges his thanks to Mr. T. Yoshinaga) and M 
rudtata (cf. PI XXII, Figs. 21-21) Surely it is caused by the 
moisture in their habitats. The lobe-number of and ^ reci’ptacle 
IS shown in the following tables 


1’ABt.K 1. l^obe-numbei of receptacle. 


Noa of lobes 

4 

, -• 

6 

7 1 8 1' 

5 groups 

Frequonev if' 


1 20 


.36 1 

7b 

Peiieiilatte 

2.63 

1 26.31 

22.37 

47.37 1.32 ; 

100 

Table 5. 

Lobe-number of ^ receptacle. 


Nos. of lobes 

4 

1 « 


7 1 8 i| 

5 groups 

Fiequenry (f) 

7 

j 10 

16 

T 

4.3 

Percentago 

16.28 

23.26 

34.88 

1,3.95 11.63! 

1 li 

100 


•Okamura. S., Bot. Man Tokyo, Vol. 22 p 141 & p 177 (Japanrso) (1908) 
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Genus; MASTIGOPHORA Neks (1838) 

Meistigophora spinosa Horikawa, sp. nov. 

(Text-FiKs 5-6) 

Sterile. Mesophyte. Plants attaining to 6 cm. in height, in golden- 
yellow dense tufts. Stems usually erect or procumbent, about 0 45 mm. 
in diameter, rigid and brittle, dark brown, yellowish near the apex, 
closely leaved elsewhere, slightly and irregularly, sometimes subfasci- 
culately branched, the branches lateral and patent, sometimes micro- 
phyllous. Rhizoids rather scarce, almost confined to the base of 
stem, fasciculate and colourless Leaves imbricate, 1.77 mm. wide and 



Text-Fig 5 Masttgnphora spitmta Hokikawa hi nnt M?e 


1.33 mm. long, incubous, somewhat transversely inserted, semi-amplexi- 
caul, broader than long, deeply unequally divided into 3 patent seg- 
ments, the antical segment largest, oblong-ovliite, usually with a small 
lobe near the antical base, the next segment similar to the antical 
segment, the most postical segment narrower, lanceolate, frequently 
with long spin lus-teeth near the base, the apex arched downwards, 
all the segments being acuminate and strongly recurved and canali- 
culate, the margins somewhat distantly and irregularly spinous-dentate. 
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Cells of antical segment averaging 12 f* at the margin, 14 x 22 in 
the middle and 14 x28/< at the base, stellate, trigones very large 
and confluent, pale yellow. Underleaves smaller than the leaves, 
mostly 0.67 mm. wide and 0.81 mm. long, erect-patent, the margins 
strongly recurved, canaliculate, usually deeply 2-lobed, lobes lanceolate, 
acuminate, the whole margin spinous-dentate, the spines at the base 
often curved. 



Text-Fig. 6. Mastidephora tpinom Horikawa 
1. Part of plant, antical view, x 12. 2. Ditto, postical view, X lU. 3. Cross- 
(ection of two stems, xl4. 4. A-portion of ditto, Xl60. 6. Stem-leaf, dissected 
from the stem, xl4. 6. Underleaf, X14. 7, A spine from antical margin of 
antical segment, x280. 8. Two spines from postical margin of ditto, x280. 9. 
Cells from middle of antical segment, x2W. 10. Cells from base of ditto, 
X280 
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Hob. On the decaying logs in alpine district 

Loc. 

Formosa : Mt. Arisan, Numano^aira (ca. 2500 m.), prov. Tainan 
(A. Noguchi, Aug. 1928-type) ; Mt Daibusan (ca. 8000 nu), prov. 
Takao (Y. Shimada & S. Ohashi, Jan. 1928-cotype). 

DistT. The species endemic. 

Remarks. Among twenty species of the genus, the present species 
seems to have a certain resemblance to Mastigophora madagassa 
Steph., which is known only from Madagascar The genus is new 
to Japan. 


Genus ; RADULA Dumortier (1822) 

Raduia gigantea Horirawa, sp. nov. 
rTestFig. 7) 

Dioicous. Xerophyte. Plants robust and large, usually about 
4 cm. long and 2.5-3.6 mm. wide, growing in loose, entangled, olive 
brown to olivegreen patches. Stems rather stout, 0.18-0.28 mm. in 
diameter, reddish-brown, irregularly and loosely subpinnate, the branches 
widely spreading, similar to the stem but often with smaller leaves. 
Stem-leaves slightly subimbricate, horizontal, not decurved, the antical 
lobe ovate in outline, longer than broad, about 1.8 mm. long and 
1.4 mm. wide, attached by an almost longitudinal line of insertion, 
somewhat rounded at the antical base and arching partially or wholly 
across the axis, antical margin strongly rounded, the apex broadly 
obtuse, postical margin also rounded, forming a almost straight line 
with the keel, margin more or less wavy but entire throughout. Lobules 
erect, longer than broad, 0.58-0.89’mm. long and 0.49-0.8 mm. wide, 
4-8 times smaller than the lobes, nearly wholly or widely crossing 
the stem, slightly inflated along the keel. Cells of lobe averaging 
about 14^22 A* at the margin, 17-33 in the midiUe and 24 x 35p 
at the base, the trigones large. Androecium occupying the whole, 
less frequently only the apex or the base, of a lateral branch, 'bracts 
mostly in 5-8 pairs, much smaller than the leaves, erect, closely 
imbricate, unequally bilobed and ventricose. 

• Stephani, F., Spec. Hepat Vol. IV, p. 40 (19(») & Vol. VI, p. 367 (1982). 



HEPATICAE OF JAPAN. Ill 


637 



Text-Fig. 7. RaebUa gigantea Horikawa 
1. Pert of gjbnt, antkal view, x 16. 2. Ditto, poitlcal view, x 16. 3. A por- 
tioii of Item, in oroas-MCtiiuii x 144. 4. Cell* from margin of lobe, X233. 5. Cells 
from middle of ditto, X233. 6. Celle from base of ditto, x300. 7. Apex of 
lobule, Xl60. 8. Androecitim-beariag br*nch, x9. 


Hid>. On rocks «ul baric of trees in the mountainous region. 

Lot. 

Honriiiu: Mt. Madoyama, prov. Aki (A. Noguchi, no. 42, Oct 




638 


Y. HORIKAWA 


1926) ; Insl. Miyajitna, prov. Aki (Y. HoRlKAWA, no. 36, Feb 1923- 
cotype ; no. 84, May 1923) ; Shiroyama, Iwakuni, prov. Suou (Y. 
Horikawa, no. 285, March 1927). 

Shikoku : Mt. Washio, prov. Tosa ^Y. Hohikawa, no. 170-type ; 
no. 171, March 1924). 

Kiushiu ; Kagoshima, prov. Satsuma (Y. Horikawa, no. 600, 
602, Apr. 1927). 

Distr. This species endemic. 

Genus : MADOTHECA Dumortier (1922) 

Madotheca ulophylla Stephani, Bull. Herb. Boiss., 

Vol. V, p. 97 (1897). 

(Text-Fig. 8) 

Uioicous. Xerofihyte. Plants flaccid and fragile, large, about 
4 cm. long and 3 mm. wide, growing in dense, entangled, dark green 
patches. Stems flexuose, about 0.5 mm. in diameter, pale brown, 
irregularly and longly branched, the branches usually bipinnate. 
Stem-leaves imbricate, the lobes widely spreading and crossing the 
stem, ovate in outline, aliout 2 mm. long and 1.7 mm. wide, the apex 
rounded to broadly obtuse, the margin entire, most frequently remark- 
ably crispate. Rhizoids from the base of underleaves, fasciculate and 
brown. Cells of lobes averaging about 21 at the margin, 30 in 
the middle and 30 x 60 ^ at the base, the trigones rather smaller but 
distinct. Lobules oblong-ovate, convex, mostly 0.85 mm. long and 
0.45 mm. wide, narrowed at the obtu.se apex, hardly decurrent, the 
margin entire. Underleaves ovate-triangular, 0.8 mm. long and 0.7 mm. 
wide, broader than the stem, approximate to slightly imbricate, the 
apex obtuse to rounded, the margin frequently recurved, entire. 
inflorescence on short branches proceeding from the main stem or 
branches, involucral bracts one pair, acute and slightly dentate ; lobules 
narrowly lanceolate, acuminate; bracteoles lar^r, dtentate and acute. 
Perianth broadly obovate, 2 mm. long and 1.6 mm. wide, the mouth 
widely truncate, bilabiate, denticulate to ciliolate, pedicel hyaline and 
rather long, 3 mm, long and 0.28 mm. wide. Capsule globose, brown, 
about 0.8 mm. in diameter, irregularly longitudinally splitting into 6-8 
valves. Spores nearly spherical, 30-45 in diameter, greenish, finely 
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Text-Fig. 8 Madatheca ulophylla SteI’HANI. 

1. Part of plant, antical view, x9. 2 Ditto, postical view, x9. 3 Fertile 

Ijranch, postical view, x 9. 4. Cells from middle of lobe, x 160. H Apex of 

lobule, Xl13. 6. Cross-sertion of capsule-pedicel, xll3 7 Marginal part of 

perianth, Xll3. 8. Spores, surface view, x280 9. Elaters, x 160 

echinatepapillose. Elaters brown, variable in size, usually 12-18/' 
wide, with irregular and incomplete spiral bands, branching one rarely 
occurs. 

Fr. March — April. 

Hab. On barks and about the roots of trees. 

Loe. 
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Honshiu : The foot of Mt. Komagadake, prov. Shinano (Y. Hori- 
KAWA, no. 1 19, July 1923) ; Mt. Fukuoji, prov. Aki (Y. Horikawa, 
no. 24, Oct. 1922, no. 108, 109, June 1923) ; Yagi-mura, prov. Aki 
(I. Kashimura, no. 8, March 1927) ; Ipsl. Miyajima, prov. Aki (Y. 
Horikawa, no. 679, Apr. 1927) ; Iwakuni, prov. Suou (Y. Horikawa, 
no. 277, 278 & 279, March 1927). 

Shikoku : Mt. Yokogura, prov. Tosa (T. Yoshinaga, no. 37, Apr. 
1896) ; 6daru-yama, prov. Tosa (T. Yoshinaga, no. 48, Apr. 1896). 

Kiushiu ; Kagoshima, prov. Satsuma (Y. Horikawa, no. 604, Apr. 
1927). 


Madotheca densifolia Stephani, Soc. Nat. Cherbourg, VoJ. 29, 
p. 219 (1894) & Spec. Hepat. Vol. IV, p. 301 (1910). 

(Text-Fig. 9) 

Sterile. Xerophyte. Plants large and robust, usually 8-10 an. 
long, 2-3 mm. broad, growing in loose, dark green to olive green 
patches, slighly shiny. Stems rigid, about 0.5 mm. in diameter, red- 
dish-brown, irregularly pinnate and more or less bipinnate, branches 
usually of equal breadth throughout. Stem-leaves closely imbricate, 
the lobes widely spreading and not or hardly crossing the stem, 
slightly convex, ovateoblong, mostly 2.2 mm. long, 1.5 mm. broad, 
asymmetrical, narrowed towards the apex, which is acute to bidentate, 
sometimes obtuse, the antical margin broadly rounded, entire, the 
postical margin less arched, frequently with 1-2 teeth near the base. 
Cells of lobe averaging about 15 at the margin, 22 /i in the middle 
and 18 x 35 at the base, walls more or less thickened with distinct 
trigones. Lobules oblong-ovate, mostly 1.2 mm. long, 0.6 mm. wide, 
narrowed at the rotundate apex, hardly decurrent, the margin entire. 
Underleaves nearly as broad as the lobules, imbricate, ovate-triangular, 
the apex rounded or nearly truncate, the margin entirq, frequently 
narrowly recurved, longly decurrent and occa^nalljr with teeth at 
the base. 

Hab. On moist rocks in sfaeltm-ed places. 

Loc. 

Honshiu: Mt. Oiwayama, Kamishmlcawa-gdri, prov. EttcfaO (K. 
Shinno, no. 10, Oct 1929) ; NagatoJcyo, prov. Nagato (Y. Horikawa, 
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Text-Fig. 9. Madath*ea dtntifolia Stiphani. 

1. Part of plant, antical view, x9. 2. Ditto, poitical view, x9. 3. Lobe 
and lobule, piratical view, X9. 4. Lobea, x9. 6 . Apex of ditto, X160. 6 Cells 
from middle of lobe, x280. 7. Celia from base of ditto, x280. 8. Lobules, x26 
9. Apex of lobule, Xl60. 10. Underleaf, poatical view, x9. 11. Ditto, dissected 
from stem, x26. 12. Apex of underleaf, xl60. 

no. E93 & 294, Apr. 1927) ; Ditto (S. Tamura, Jan. 1930). 

SbSroku: Sugi, prov. Tosa (A. Noguchi, no. 118, March 1928). 
Diatr. China (Yuiiiuin) and Himalaya (Kumaon). 
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Madotheca japonica Sande-Lacoste, Hep. Jav., p. 105; 
Stephani, Spec. Hepat. Vol. IV, p. 313 (1910). 

CTcxt-Fig. 10) 

Dioicous. Mesophyte. Growing in flat and entangled, dark green 
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patches. Stems usually about 6 cm. long, 0.22 mm. in diameter, 
blackish, irregulary branched, the branches regularly pinnate. Stem- 
leaves distant to approximate or slightly imbricate, oblong-oval, 1.5 mm. 
long and 0.84 mm. wide, widely spreading, flat or slightly convex, the 
antical margin broadly arched, not crossing the stem, the postical 
margin less arched and usually slightly incurved, the apex acute, 
bidentate or obtuse, margin nearly entire, sometimes slightly repand. 
Cells of lobe averaging about 15/^ at the margin, 19/^ in the middle 
and 18 X 42 /< at the base, middle lamella distinct, trigones and inter- 
mediate thickenings distinct towards the basal region. Lobules minute, 
narrowly ligulate to linear-oblong, about 0.18 mm. long and 0.11mm. 
wide, the apex usually obtuse, not decurrent at the base, flat or slightly 
concave, margin entire throughout. Underleaves smaller, distant to 
approximate, oblong-quadrate, 0.45 mm. long and 0.2 mm. wide, nearly 
same broad as the stem, hardly decurrent, the apex usually bidentate, 
margin entire. Androecia in short lateral branches, ohlong-oval, 
bracts in 2-4 pairs, closely imbricate, ventricose. 

Hab. On moist sheltered rocks. 

Loc. 

Shikoku : Mt. Yokogura, prov. Tosa (S. Okamura, March 1904) ; 
Ditto (S. Tamura, March 1930). 

Distr. This species endemic. 

Genus; LEJEUNEA Libert (1820) emend. Evans (1900) 

Lejeunea aquatica Horikawa, sp. nov. 

(Text-Fig. ll'i 

Dioicous. Hygrophyte to hydrophyte. Plants growing in flat, pale 
to yellowish-green mats. Stems prostrate, 15-25 mm. long and 0.13 mm. 
in diameter, loosely adherent to the substratum, slightly and sub- 
pinnately branched, the branches similar to the stem. Rhizoids scarce. 
Leaves loosely imbricated, the lobes obliquely to widely spreading, 
slightly convex, scarcely falcate, ovate-oblong, about 1.1 mm. long and 
0.8 mm. wide, antical margin arching across or just beyond the axis, 
rounded to broadly obtuse at the apex, the margin entire throughout. 
Lobules very minute, frequently almost obsolete, about 0.1 mm. long 
and 0.09 mm. wide, lightly inflated, subovoid, the free margin involute 
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except at the apex, with an 2-ceiled hyaline tooth at the free angle. 
Cells of lobe almost plane, thin walled, trigoites scarcely evidait, 
averaging about 21 at the margin. 36 /< in the middle and 25 x 57 /< 
at the base. Underleaves distant to contiguous, plane or nearly so, 
orbicular, about 0.5 mm. long and 0.53 mm. wide, rounded and cordate 
at the base, 1/3 bilobed, segments acute to obtuse, sinus acute to 
obtuse, margin entire. Androecium occupying a short lateral branch *, 
bracts in 2-6 pairs, strongly inflated and with strongly ardied keel, 
subequally bilobed. Antheridia solitary, globose. 



Text-Fig. 11. Lejeunea aquattca HorIKAWA. 

1. Aatenor part of plant, antical view, x9. 2. Part of atom, poetical view, 
xl4 3 Two lobes, X14 4 Cells from middle of lobe, Xl60. 5. CeDs from 

antical margin of lobe, xl60. 6. Apex of lobule, xl60. 7. Apex of a segment 
from stem-underleaf, xl60 

Hab. On wet rocks near watei:;falls. 

Loc. 

Honshiu : Mitaki, a vicinity of Hiroshima, prov. Aki (Y. Horn- 
KAWA, no. 1795-type, May 1930). 

Distr. The species endemic. 

Remarks. This species is closely allied to L^euaea Holtii Spruce, * 
a very rare species in Ireland but differs from it by the more im* 
bcicated and broader lobes. 


^ SnvcB, R., JouriL Bot. VoL XXV, p. 33 (1387) & Macvicaii, S., Handb. Brit 
Hep., p. 423 (1926). 





Text-Rg. tjt. Eummohifeunaa cwrtculalo Stbphani. 

1, Part of pUnt, utical view, x26 2. Ditto, peetieel view, x26 3. Stem- 
leavee, x26. 4. Apicee of xlW. 5. Stem-underieevee, x26. 6 One half 

of baul pertian of dittov xl60. T Cells from middle of lobe, x280. 8 Cells 
trm mmr^ of lotw^ x28(l ft Apes of ooe eigraeot from stem-underieaf. x 160. 
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or just beyond the axis, rounded at the base, postical margin forming 
a distinct but very obtuse angle with the keel, apex obtuse to subacute, 
margin entire throughout. Lobules ovate-oblong in outline, mostly 
0.26 mm. long and 0.1 mm. wide, inflated throughout, keel slightly 
arched, free margin strongly involute to beyond the subacute apex, 
then obliquely lunulate to the end of keel. Cells of lobe averaging 
about 15/> at the margin, 18/^ in the middle and 20x31/< at the 
base, with somewhat thickened walls and distinct triangular trigones, 
frequently a few thick-walled cells scattered. UnderleaVes distant to 
slightly imbricated, subappressed, nearly plane, orbicular, 0.46 mm. 
long and 0.45 mm. wide, bifid about one third with obtuse or subacute 
lobes separated by an obtuse sinus, deeply cordate at the base and 
attached by a long, curved line of insertion, margins entire. 

Hab. Creeping over mosses in well sheltered places. 

Imc. 

Honshiu : Mt Mitaki, prov. Kai-type locality (K. Tamura, no. 
45, July 1903) ; Insl. Miyajima, prov. Aki (Y. Horikawa, no. 90, 
May 1923) ; Nagatokyo, prov. Nagato (Y. Horikawa, no. 305, Apr. 
1927) ; Ditto (A. Noguchi, no. 1383, Oct. 1928). 

Shikoku . Mt. Yokogura, prov. Tosa (Y. Horikawa, no. 192, 
March 1924). 

£fistr. This species endemic. 

Genus ; FRULLANIA Raddi (1820) 

Frullania viridis Horirawa, .p. nov. 

(Text-Fig. 13) 

Dioicous. 3{erophyte. Plants moderate in size, mostly 12-18 mm. 
long and 1.8-2.05 mm. wide, light to yellowish green, growing in 
depressed mats. Stems prostrate, rather closely adherent to the sub- 
stratum, 0.12-0.17 mm. in diameter, yellowish-brown, greenish towards 
the apex, usually bipinnate. Rhizoids fascic^ate, I'eddish-brown and 
rather numerous. Stem-leaves imbricate, the lobes widely spreading, 
nearly ovate, mostly 1.25 mm. long and 0.85 mm. wide, somewhat 
convene, rounded at the antical base, and arching rather far across 
the stem, the apex rounded to obtuse and not decurved, margin 
somewhat repand but nearly entire. Cells of lobe containing numerous 
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Text-Fig. 13. Frullania v%nda Horikawa. 

1. Part of Item, antical view, x8. 2. Part of plant, poitical view, xl6. 3. 
Fertile branch with young perianth, X 18. 4. Lobe, lobule and underleaf, postical 
view, x38. 5. Lobe and lobule, poatiral view, x38. 6. Cells from middle of 
lobe, X 233. 7. Lobules, posticahview, x 42. 8. Ligulato lobule, x 160. 9. Stylus, 
x233. 10, 11, 12. Stem-underleaves, x42. 18. One segment of stem-underleaf, 

X233. 14 Innermost bract of -f infloiewence, x26. 16 Upper part of lobule 
of innermost bract, x 160 16. Innermost bracteole, X 42. 
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chlopoplasts and oil-bodies, averaging about 23 at the margin, 26 x 30/u 
in the middle and 30 x 48;< at the base, trigones very large and 
somewhat confluent, intermediate thickenings usually distinct. Lobules 
galeate, rarely ligulate, rounded vertically, usually smaller than the 
underleaves, about to 360 in height and 306 /< broad, inflated, 
parallel or subparallel with the stem and rather close to it. Stylus 
minute and filiform, mostly 3-4 cells long and 1 or 2 cells wide at 
the base. Stem-underleaves subimbricate to distant, large, about 
thrice as broad as the stem, rotundate-oval, averaging about 540 /a 
long and 450 wide, scarcely decurrent, 1/5 to 1/4-bilobed, the sinus 
subacute to obtuse, lobes acute to subobtuse at the apex, margin 
nearly entire. inflorescence borne on a short lateral branch. In- 
volucral bracts 2-3 pairs, passing by insensible gradations into the 
leaves, complicately and unequally bifid. Lobes of innermost bracts 
ligulateoblong, 1.5 mm. long and 0.66 mm. wide, obtuse at tlm apex., 
margin slightly sinuate. Innmnost bracte<^ free, lanceolate, 1 mm. 
long and 0.33 mm. wide, bifid about 1/3 with a narrow sinus and 
acute divisions, margin slightly sinuate. Lobule of innermost bracts 
lanceolate, 1 .2 mm. long and 0.25 mm. wide, acute at the apex, margin 
slightly irregularly sinuate, usually bearing a cluster of short and 
irregular cilia at the base. 

Hab. On the old trunk of tree fern (Cyathea boninsimenais Co- 
peland). 

Loc. 

Bonin : Insl. Chichijima (T. Shibata, no. 259-type, Feb. 1927), 

Distrib. The species endemic. 

EXPLANATION OF PLATES 
PLATE XXL 

Marchantut diptrra Montagnk 

Fia. 1. Female plant, in nat sise. 

Fig. 2. Male plant, in nat. aiie. 

Figs. 3, 4 A 6. Poraa in cTouteCtion. 3, 4, X28a 5, x 160. 

Fig. 6. loner openingi of porea, x 160. 

Fig. 7, 8, 9 & iO. Ventral median Male* with appendage*, X 14. 

Figf. 11 & 12. Appendage* of ditto, x42. 
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Fig 13. C«ll« from basal portion of median loalea, ahowing two taberculate 
rhizoids, X160. 

Fig. 14. Ditto, ahowing one oil-cell, xl60. 

Fig. 15. Peduncle of 4- receptacle, croM-aection, near base, x26. 

Fig. 16. Ditto, near apex, x26. 

Fig. 17. Peduncle of t receptacle, croaa-aection, near base, x26. 

Fig. 18. Ditto, near apex, x26. 

Fig. 19. Surface view of capsule-wall, xl60. 

Fig. 20. Spores, x280. 

Figs. 21, 22 & 23. Parts of elatera, 21 middle portion, 22 & 23 end portion, 
all X280 

Fig. 24. Marginal part of cupulc, xSO. 


PLATE XXII. 

Marchantia radiata Horikawa 

Fig. 1. Female plant, in nat. size 
Fig 2. Male plant, in nat size. 

Figa 3, 4. Pores in cross-section, x280. 

Fig. 5. Inner openings of pores, xl60 

Fig. 6. Cells from ventral compact tissue, showing two sclerotic cells and 
hyphae, m cross-section, x280 
Figa 7, 8. Ventral median scales with appendages, x26. 

Figs. 9, 10. Appendages of median scales, X 113. 

Fig. 11. Peduncle of receptacle, cross-section, near middle, x26. 

Figs. 12, 13. Peduncle of t receptacle, cross-section, near base, x26 
Fig. 14. Part of involucre, Xl4. 

Figs 15, 16. Cells from ditto. Xll3. 

Fig 17 Spores, x525. 

Fig. 18. Marginal part of cupule, xl60 
Fig. 19. Ditto, xll3. 


PLATE XXin. 

Mardumtia tosana Stbfhani 

Fig. 1. Fenlale plant, in nat. size. 

Fig. 2. Male plant, in nat size. 

Figs. 3, 4. Pores in croat^ection, x 280. 

Flga 5, 6, 7. Inner openings of pores, x 160. 

Fig. 8. Ventral median scale *srith appendage, x26. 

Figs 9, 10, 11. Appendages of median scales, xll3. 

Fig. 12. Peduncle of -f- receptacle, croaa-aectioD, near base, x 26. 
Fig, 18. Peduncle of t recqitacle, cross-section, near base, x26. 
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Fig. 14. Ditto, near ap«x, x26 
Fig. 15. Part of involucre, xl4 
Figs. 16. 17. Ditto, xll3. 

Fig. 18. Spores, X525. 

Figs. 19, 20. Marginal part of cupule, Xl60. 

Figs. 21, 22, 23 & 24. Male receptacles, showing the lobes regenerate m thalli 
with cupules and rhizoids, in nat size. , 



Author dA 
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Marc/umiia tUptem Montagng. 











Note on Pheretima agresUs (Goto and Hatai), together 
with the desciiphon four new species of 
the genus PhenHma. 

By 

Shinushi Hat/u. 

Bioloffloal IiMtitute, TAhoku Imperial Univetaity, Sendai, Japan. 

(With 8 Text-figure*). 

Perichatta agrtstia Goto and HaTai, Goto, S. and Hatai, S.- Ann. Zool. Japon. 
Ill, P. 17, 1«98. 

neretima agrtitit (Goto and Hatai), Michablsen, W.- Oligochaeta in Da* Tier- 
reich, P. 272 and P 313. 1900. 

Amyntaa agrettia (Goto and HaTAI), BbodaHD, F. E.- P. Z S., 1900 

Phefrtima agrestis (Goto and Hatai), YamagucHi, H. Dobutsugaku Zaaihi 
(Zoological Magacine) VoL 42, No. 496, P. 51, 1990. 

In presenting Pheretima agrestis (Goto and Hatai), in his work 
on “Oligochaeta", Michaelsen (’00) remarks that " Vielleicht eine 
Varietat von P. hilgmdorfi’'. In regard to this remark the present 
writer only wishes to state that Dr. Michaelsen is mistaken in 
uniting these two distinctly different species. P. agrestis possesses 
three pairs of spermathecal pores in V/VI, VI/VII, VII/VIII instead 
of the regular two pairs in VI/VII, VII/VIII of P. hilgendorfi. Al- 
though both species possess a circular patch of light brown color, I 
have definitely stated in the original paper that “ A simillar patch 
or patches are present in P. masatakae Bed. and P. hilgendorfi 
Mich., and in these species there are numerous small papillae on the 
external surface of these patches, on which the so-called capsulogenous 
glands open : but in the present species there are neither papillae on 
the outside nor any capsulogenous glands on the inside. We think, 
however* that diese patches serve the same purpose as the genital 
papillae." 

Recently I had an opportunity to collect a number of P. agrestis 
from various parts of Japan and was thus able to determine an extent 
of variation. In order to avoid further confusion in rcgared to the 
position of P. agresUs as an independent species and at the same 
time to demonstrate the difference between this species and P. A»/g«n- 
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dorfi. Michaelsen, I have made several illustrations which I am sure 
will clear the tangled situation. I only wish to point out that the 
majority of Japanese Pheretima possess more than one pair of intestinal 
coeca and also capsulogenous glands of various forms and in varied 
positions, and Pheretima hilgendorfi Mich, is not the only species 
favored by nature in these regards and, therefore, to include any 
Pherettma species with capsulogenous glands and also with several 
intestinal coeca in P. hilgendorfi is not always justified without paying 
due respect to other differences in character, together with other 
biological factors such as habitat, behavior, etc. 

The original description of P. agrestis was published over thirty 
years ago and I shall recite and the whole statement for reference. 
“ Length 100-160 mm., breadth 5.8 mm., number of segments 80-96. 
Clitellum XIV-XVI, without setae. Number of setae in the speima- 
thecal region 36, more posteriorly 40 or so. Spermathecal pores 
three pairs, V/VI, VIA^II, VII/VIII. There are no genital papillae 
in this region ; but there are two pairs of slightly elevated squarish 
patches of a light brown color inside the spermathecal pores, one in 
VII and the other in VIII. A similar patch or patches are present 
in P. masatakae Bed. and P. hilgendorfi Mich., and in these species 
there are numerous small papillae on the external surface of the 
patches, on which the so-called “ capsulogenous glands ” open : but 
in the present species there are no papillae on the outside nor any 
capsulogenous glands on the- inside. We think, however, that these 
patches serve the same purpose as the genital papillae. No male 
pores could be observed. First dorsal poie in Xll/XIII. 

Gizzard in VIII, IX ; intestine beginning in XV, with one pair of 
coeca in XXVII bearing 7 pairs of secondary diverticula. These 
secondary diverti^la are longest next the dorsum and thence gradually 
decrease in length towards the venlrum, the longest ones reaching as 
far anteriorly as segment XXIV. Thickened septa V/VI, VI/VII and 
X/XI, XIV, XV ; septa VIII/IX, IX/X wanting. Spermathecae three 
pairs, in VI, VII, VIII, with diverticula longgr than the main sac, 
but almost straight or very slightly winding (fig. 7). Sperm reservoir 
in XI, XII. Ovisac present. Prostate gland absent. Sperm ducts 
asymmetrical and terminating with bulbular swelling either in segment 
XJII or XVIII or even posteriorly. 



NOTK ON HHKKKTIMA AGRKSTIS fif>S 

Loc. 'I’akahashi (Prov Bitchu), Tokorosawa (Prov. Musashi). 
Oarai (Prov. Hidachi). 

Amonn more than one hundred specimens of this sv)ecies in our 
hands wo find some in which the first dotsal pore lies in XI/Xll, 
and a few without the modified patches above described, as also a 
few with a pair of large papillae (of 0.8-1 mm. in diameter), in front 
of the chaetal line in segment XVlll. All these variations, which 
occur independently, were found in the sfanniens from “ Oarai.” 

I'he number of localities wber<‘ P. afrrestis has been found are 
now considerably increased- Sapporo, Hokkaido, wide distribution in 
Aomon and Iwate prefectures, Sendai, Takahashi (Prov. Bitchu), 
Fokorosawa (Prov. Musashi), Oarai (Prov. Hidachi), Oshima Island 
(Prov. Kanagawa), Matsuyama (Piov lyo), Tomilaka (Prov. Miyasaki) 
and Kagoshima (Prov. Kagoshima) 

For future refeience I shall present data on the number of setae 
in several segments of P. oftresUs picked up at random from colhc- 
tions taken from various localities 



Number 

of Setae 


P. agretis. 



Nf) of Spk 


IV 

VI 

VIII 

X 

XVlll 

XXX 

Itogiiin 

Aomon 

44 

nO 

It2 

f.3 

(i4 

6(1 

Mivuki 

42 

f.t 

r.s 

02 

08 

00 

Oshimj 

42 

47 

r.i 

61 

,58 

6:! 

Matsuvamn 

.17 

4.T 

r.5 

6S 

00 

64 

Kiri!>hima 

40 

4S 

f>.n 

.50 

02 

6:i 

Miva/aki 

42 

W1 

64 

(Ml 

60 

66 

KaKoahima 


fiO 

fiC. 

fll 

04 

64 

Avt-rauf 

41 

48 

64 

.50 

02 

66 


According to Yamaguchi (’80) the majority of P. agrestis collected 
in Sapporo possess the male openings in XVlll and 1 also met with 
similar cases among collections made from Aomori prefecture. Though 
individuals with male opening are rather rare in other localities so 
far collected, their presence is certain. We noted similar ca.ses in 
most of the Japanese Pheretima which are noimallv destitute of the 




H hi! gendorji i2\ with a view to ilIiistratinK the forms of “pakhes” in the 
species sp spermatheral openings, G P genitaf patches, C P Capsulogenous | 
,Fig 2 Showing the vanations of the patches as to form, number and sit 
of P. agTfilia, collected from various parts of Japan s|) spermathecal opi 
(The variations which occur in P. htlgeridoTfi as to the number and positioi 
relative frequencies were carefully determined by YamacI'CHI TSO) 

Fig. 3 Showing the enlarged pictures of the patches together with the f( 
the capsulogenous gland and of the spermatheca in P hilgendorfi <'A' and in P a 
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male opening, cases with the inale openings are often noted, as I 
(’29) have already mentioned in my report, on Pherettma 'vittata. P, 
htlgendhrfi also shows a similar variation (Ogawa, ’29). In subsequent 
reports, which will be published in the near future, 1 shall present 
similar cases in the majority of other species. 

Pheretima yunochimetuis, nov. sp. 

Thus far the present new species has been found only in the 
northern parts of Japan, especially in Hokkaido and Aomori pei-fec- 
tures. The species may easily be confused with Pheretima hilgendorfi 
as both possess a circular patch in segment VIll at identical positions 
and, furthermore, the spermathecal opening are found in VI/VII and 
VII/VllI. However when these two species are compared side by 
side, one will readily find that they are two distinct species, as will 
be seen from the differences In their respective body size and froms 
and in the form of the patches as well as in the arrangement and 
size of the papillae within the patches. An examination of the 
spermatheca as well as of the form of the capsulogenous glands at 
once indicates that these are two distinct species. 

I shall now present the specific characters of the present new 
species. 

Body length and breadth. 

The body length varies considerably, but among the larger we 
find that it ranges from 130-145 mm., breadth about 6 mm., number 
of segments 87-98. Thus we see that the present species is rather 
slender and shorter than P, hilgendorfi. In small Yunoshima Island 
of Aomori prefecture the present species ia abanduntly found, together 
with P. ki^/endorfi, P. comntumssima, P. vittata and several other 
Pheretmm, but one can easily tell it from P. hilgendorfi by its slender 
body and quicker movement without making any further structural 
examinations. 

The first dor^I pore ie found in XII/XIII. The spermathecal 
opm^ikigs, as waa alre^y alluded, are two pairs in VI/VII, VIl/VlII 
in the majority of cases, but I j^aye seen some specimens with three 
pairs in V/Vl, VII/VJH. ' I way add, however, that the pores 

in VA*!! Are unpaired/ ladking in either side. 
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The number of setae are as foQows; 
SpecuneiiB collected frmn Yunoshkna Island. 


jSegiiMntc. 

No. 1. 

No. 2. 

No. a. 

No. 4. 

V 

42 

42 

42 

V 

41 

VI 

49 

46 

50 

VI 

47 

VII 

51 

61 

5^ 

vu 

51 

VIII 

56 

51, 

54 

VIII 

53 

XX 

60 

60 

60 

IX 

58 


X 61 

XI 61 

XVni 58 

The ditellum occupies the usual three segments XIV, XV and 
XVl and also lacks setae in these segments. 

Male pores are usually Jacking in the spedmens in my hand but 
the specimens collected 1^ Yamaguchi in Sapporo regularly possessed 
the male openings in XVIlI. In fact, out of sixty four individuals 
Collected at random in Yunoshima Idand, Aomori prefecture, only 
one specimen possessed the male pores in XVIll. 

The circular patches similar to those of P. kUgmdorfi are found 
in the segments Vlll and XVIII. The shape of the patch, when 
strictly speaking, is not so circular as in P. hilgendorfi but is some- 
what oblong, as will be seen from Fig. 4, and die papUlae widiin 
are much smaller and more numerous fai the majority of ones. The 
patch of P. hilgendorfi is on the same levd with the hei^ surface^ 
differing from that of P. yunoahimetma in Whidb the IKIhities Itfe 
{wominently elevated from the body surface mid the nUifvb the 
patches is thicker and more prominently dlevated. The patch in 
XVIli is invariably i^resent and is more protnfaieHt than ip and 
is larger and. in addition, when fresh ** P>t»ents a pink polap wh^ 
that of P. hilgendorfi (VIII) pitots a yellowidi hrawp ShW ^ 
My of this worm is aJender the paftcfa in XVIil app e w if a , tn 
a greater part of the ventral area in XVIH. I a# 
hilgendorfi possesses a pptch in VlII only and imaafet^ apy, 

in XVIIL YAMAttUCHt (’30) recently exammed a Wga 
P. hilgendorfi with a view to determining die ePtept Viitiibfilty 
in number and possitions of this "patch" dr' the 
gh^s in this earthworm and we -can see fttap ihik’ 
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cases with the patch in XVIII are 9S cases out of 1U)6, or only 
about lYo. The form, and the regular occurrence in XVIII of the 
patch, alone may distinguish this species from P. hilgendorfi 
Internal chaiacters. 

The intestine begins at XV and in XXVII the six pairs of in- 
testinal coeca are found. Nearer the dor.sal, the si/e of the individual 
eoecum becomes longer and largei. The gizzards occupy Vlll and 
IX, and the septa Vlll/lX and IX/X aie missing I’he sperm sacs are 
in XI and XII, and the ovaties in XIII 'I'he ovisacs are not found. 



Fig 4 V'cntral \i«-w of the anterior 19 seRment'. showin-; the 
forms and positions of the rap^uloRenous glands Glands or patches in 
segments Vlll and XVIII are shown in enlarged figures 
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while these are comparatively well di'veloped in P. hilgendorfi. The 
prostate glands are wanting even when (he male openings are present 
while in the case of P. hilgendorfi they are invariably well developed 

^ f \ 

^ ^ I 

/ ) ^ ^ f 



^ c=£3 

Ki({ 5. Showing various forma of sprrmatheca (.1--17; together 
with the capsulogenous glands in the segments VIll flS'i and XVHI 
(19), and component individual gland (20-21; 



NOI'K ON PHKKKTIMA AOKKSTIS (ir)9 

in the specimens with male openings. The spermatheea are unique 
and can most easily be distingui.shed fiom those of P. hilnendorfi 
(Fig. 5). The form of the mam sac is irregularly con'^oured and 
shows many protuberances, as the figure shows. In some instances 
a single tube of irregular shape is found, as the figures show, and 
in such cases one can not tidl whether this tube is the diverticulum 
or the mam saccular portion 

'I'he cap^ulogenous glands also differ from those found in P. 
hilfjendorfi. sinct' the species here described possesses shorter stalked 
glands and, furthermore, the gland itself is not a regular spherical 
ball, as in the case of P. hlnentkrrfi, but is somewhat pointed at its 
tip with two or more deep inscisions, or is irregularly flat, as the 
figures .show. 

From th(' statements given above there is no question that this is 
.1 spi'cies distinct fiom P. hilgcndorfi 

Ijk' Yunoshima Island Aomoi i prefcctuie, and Sapporo, Hokkaido 

Pheretima phaselus, nov sp 

This IS a very common earthworm living chiedv in gardens in 
Sendai and the northern parts of Japan. When fresh, it is nearly 
white all over the body with the exception of the clitellum which 
aiipears a deep purplish red When, however, preserved in formalin, 
the body surface becomes som<-what reddish, especially along the 
dot sal median line. The worm is slugish and does not make typical 
jump but instead secrets a mucous juice copiously. 

'I'he worm is stoutly built and the segments show secondaiy 
uiinulations. The chaeta are implanted over the elevated ridge as 
Fig. 6 shows. 

The dorsal pores are distinct and begin in XIl/Xlll. 

The spermathecal openings are found m V/Vl, Vl/Vll, Vll/Vlll 
and there are no genital papilla in the neighborhood. 

The ovidual pore is placed in a larger oblong-shaped are of a 
white color. 

The male pores are most characteristic of this species, showing a 
large kidney bean shaped patch within which a longitudinal slit is 
found along its medium line. This slit is sometimes outwardly or 
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inwardly curved m the middle or, in some cases, nearly strai^iht 
Between the patches are found 14 16 setae. 

The measurements of the body are as follows : 



Body length 

Width 

\o 

Segments 


Sendai 

103 

l-.'S 

32 

102 


Kominato 

116 

3 1 

. 29 

101 


Sapporo 

134 

1-5 

4 

111 


Asamushi 

112 

1-6 

1 

112 


Shikoku 

Its 

4-5 

9 

115 



123 

1 5 


108 


The numbei < 

if selate in the 

several 

segments 

are as 

follows 

Kominato Senes. 


Segments 

Spe< imen 1 

^(■■■onien 1 

: Awtage 

A 

B 

'v"“ 

'~ir^ 

15 



VI 

17 

50 

19 


V. 

VII 

53 

55 

54 



VIII 

38 

56 

57 

m w- 

'■■v 

XX 

75 

64 

70 

W ’•mm:- 


'I’he 

septa are well developed 


K - 

esiieciallj in the 

genital 

region. 




Fig 6 Showing ventjal vipw of 
anterior portion of hotfy i,A;, sperma 
thera 'Hi and one prostate gland with 
duct t'C' 


rhe septum l.X'X is lacking. 

The spermathetci are found in 
VI, VII and VIII The saccular 
portion IS pear shaiied with a 
sitmdei stalk similar to that shown 
in P. maculosus. The diverticulum 
IS slender, with a slightly enlarged 
end It IS usually curved or bent 
outwardly fmm the middle region. 

Theie are no other glandular 
attachments or capsulogenous glands, 
which are very frequently found 
with most of the Japanese Phere- 
Itmas 

The ovisac is present in XIII 
and is conspicuous. 


NOTE ON PHBSETIMA ACRESTIS 


mt 


The prostate c^and » well developed consisting of three room 
lobe& The form of thn spermiducal gland as a whole appears 
somewhat square and does not occupy many segments as it does m 
many other Pherettmas 

The intestine begins in the segment XV and one pair of intestmal 
coeca is located in XXVII 

Loc Sendai Aomori Prefecture Hokkaido Shikoku 
nieretima saaculoaus nov sp 

In preserved specimens this species shows no noteworthy charac 
terwtics except perhaps a rather latter arcular area around the male 
pores In formalin it appears slightly pinkish but the color of the 
clitellum IS a deep purplish pink contrasted with the uniform light 
gra>sh Ixidy surface 

When fresh this species is better characterised by its thinnert 
transparent body wall through which the intestinal and bloqd vessels 
are nearly well seen The dorsal surface is pigmented like other 
Pherettma with a lighter bnck red color but the pigment is not 
distributed evenly all over the dorsal surface and extends uregalarly 
and imperfectly with the exception of the narrow median dorsal line. 
When seen from the lateral the pigment sometimes extends lateral 
ward and then in the next segment it hardly covers even the dorsal 
surface akne Thus the marking of the body surface presents a 
spotted appearance and is very characteristic, distinguishing it from 
all other known Pherehnua in Jiqian (Fig 7) 

The worm is rather medium sized and may be found under fallen 
leaves even during a cold frosty autumn and may even be found m 
early spring with well developed clitdUum 

This species was found in Aomon prefecture^ Sapporo and Sendai 
The spermathecal pores are three m V/VI VI/VII VII/VIII 
though not very duitmot after preservation m formahn There are no 
genital papiUae or any other atructures of (fotincticm 

The ovidual pure is plaead m a rather cem^puettoasiy depressed 
laterdly oblong patch, ^ awiin of aHsMch m lightly p^tmented 
The male opemngi ara wtthia a cireular wdl delineated 

patchv wifhm whwh Him m dime araaB ovwlar proiecticros are 
noticed. 
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Between the male pore enumerated 12*13 setae. 

The dorsal pores are indistinct in numerous cases and eipparently 
begin in XIII/XIV. In many cases the dorsal pores are invisible in 
the clittelum, unlike most of the species belonging to Pheretima in 
which they are especially distinctly seen. 

The measurements of the body of maculosus collected from 


various localities are as 

follows : 





Body lengtii 

Width 

Segments. 

Average of 

Sendai 

115 

3-4 

104 

8 

Sapporo 

145 

4-5 

102 

1 

Kominato 

125 

3-4 

102 

7 

Yokohama village. 

94 

4-5 

83 

1 

Moura 

98 

3-4 

97 

5 

Yunoshima 

117 

4-5 

103 

15 


105 

3-4 

106 

29 


113 

3-4 

99 


The number of setae 

in several anterior 

segments of 

specimens 

collected in Yunoshima Island are 

as follows 



Segments. 

Spec. 1 

Spec 2 


V 


.3 

45 


VI 


46 

50 


VII 


53 

55 


'III 


58 

60 


XX 


67 

69 


Between male pores. 

16 

12 


htemal characters. 





The spermatheca are 

in three pairs and i 

are located in 

VI, VII, 

and VIII. The general form of the spermatheca resembles that of 

Pheretima phaselus with 

a pear shaped saccular portion with 

a straight 

stalk. The diverticulum 

is slender, slightly shorter than 

the main 


pouch, and is curved loosely outwardly. (See Figf; 7, D). 

In this species ovisacs are lacking, in coirtrast to the conspicuous 
ovisacs possessed by Pheretima phagehs. The ovaries are rather 
smaller when '•ompared with the two species Ubder consideration. 
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Th(* prostate glands are well developed and the chief connection 
with the male duct occurs dorsally of the gland while in Pherettma 
pha.selus such connection takes place on the ventral side of the sperm i- 
ducal glands. 

The intestine begins at XV and a single pair of the intestinal 
coeia originates in XXVII 

The septa in the genital legion. or XT'Xll, and XU Xlll, are 
much thinner compared 


with the considerablv 
thicker membrane on 
Phrretima phoM'lns in 
this same region 

The septum is lack- 
ing in IX X and X XI 
The present spec les 
closely resembles P/wre- 
tuna phaschui hut can 
easily be distinguishc'd 
liy the chaiactcTisfic 
form of the patch sur- 
rounding (he male 
openings which exhibits 
the shape' of a kidney 
bean in Phvretirna pha- 
srius while in the pre- 
sent spc'cies it is a small 
circular papillae projec- 
tion resembling that of 
P conimumsstma, and 
furthermoie the general 
body suiface shows a 
diffuse* distribution of 
pigment while the region 






where the pigment is 
lacking IS transparent 
and the dorsal blood 
vessel and intestine can 


Fi|{ 7 Showing the dorsal view of tin- entire 
IkkJv l^A', ventral view anterioi portion, more magni- 
fied (B,i, Intestinal t’oerum i<’'. spermalheca il)' 
and Prostate gland with due-t lE*. 
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be seen through the body wall. 

1 may add that the Pherettma macvlosus survives through winter 
and thus a worm with fully developed clitellum can be found at an 
early season before any other fully matured earthworms may he found. 

hoc. Widely distributed in Aomon prefecture, Sapporo and Sendai. 

Pheretima yamadai, iiov sp 

This very distinct species seems to be one commonly occurmg in 
the central parts of Japan as 1 have seen this species veais ago in 
collections made in Wakayama and Kobe and now 1 have received 
a very large number of these from both Tottori and Okayama through 
the courtesy of Prof. Gkntaro Yamaha of the Tottori Govermenl 
Agricultural (xillege. 

The species is stoutly built and is easily distinguishabh* owing to 
its possessing numeious segments for a comparatively shorter body, 
and also to its much enlarged preclitellar segments compared with 
the relatively narrow post-clitellar segments. The color is a typical 
brownish red dorsally and slightly lighter ventrally. 

The spermathecal openings are found in VPVIl, Vll/VIII, VIll/lX. 
In the orifice is found one or more conspicuous round papillae which 
are placed along the posterior edge of segments VI, VIl and VllI 
To each papilla is attached internally a single pear shaped white 
gland. (See Fig. 8, C and K). 

The ovidual pore is located in XIV 

The male openings are characteristic of this sjiecies. In XVlll 
the male duct opens within a large round elevated papilla at the extreme 
lateral side and on the top of this papilla two or three minute papillae 
are found. In the interior, but near to the male duct, are found 
four round papillae, two upper and two immediately below and all 
these structures together form one large conspicuous area. In pre- 
.served specimens, the entire area, in which the male opening together 
with the four papilla are located, projects prominently from the body 
surface, as Fig. 8, A shows The setae are implanted within this 
large elevated area. The number of setae in between the male pores 
are very numerous, giving as many as 'XZ, and in fact I have not yet 
encountered any other Pheretima in Japan which possesses so numerous 
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setae m this particular region To these four papillae arc attached 
internally glandular structures. 

The fit St dorsal iiore begins in Xll/XlII. 

'I'he body measurements are as follow. 


l^d> 

Length Widest segments Segments 

Proclitellar Postelitellur 


^tTwonn’^ 127.-1 


6 5 4.6 98 


I'he number of setae in serveral segments are as follows. 


Aveiago of 
13 worms 


VI 

68 


vii vm 
71 71 


XX 

72 


Between 
male pores 

32 


The septa are well developed and. especially in the anterior seg- 
ments, these are very thick The intestine begins m XV, and in 
XX VIII the finger shaped coeca with five projections are found in 
pairs 

The .shape of ih<‘ spermatheca is well characterised having a very 
voluminous sac with a shoit stout stem. The diverticulum is attached 
close to the orifice of the stem and shows much winding though in 
some instances it shows much l<«).sei winding. The upper half of the 
diverticulum is somewhat more enlarged than the rest of the tube. 
In front of each spermatheca a i)eai--shaped or mushroom-shaped 
structure (probably of the same structure as the capsulogenous gland) 
i.s located. The number of these glandular bodies vanes from one 
to two or probably more according to the individuals as well as in 
the different segments ol the same individual, and the size of individual 
glands varies considerably. In all instances so far examined, these 
glands are located in front of the septum while the spermatheca itself 
is located to the rear of the septa concerned. The spermatheca are 
in Vll, VIII and IX. 

Sperm sacs are well developed. Although the ovaries are well 
developed while the ovisacs are apparently lacking. 

The prostate glands are moderately large, occupying four segments. 
'I’he glands are somewhat rectangular in shape with many lobes, as 
with most other species, 'i’he spej-miducal duct is strongly developed 
and gradually enlarges its size as it nears the external orifice. 
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Slightly anterior and immediately 
near to the orifice, the four masses of 
the glandular structure corresponding 
to the four exti'rnal papillae which are 
placed near the male pore, are located 
These structures just stated are not 
readily discernible as they arc imbedded 
in and loosely covered by the muscle, 
or fibrous bundles, and furthermore 
their color in formalin preserved speci- 
mens IS nearly the same as other sui- 
round tissues. 

IjOc Totlori, Okayama, Wakayama, 
Kobe, and Halta (Ishikawa prefecture). 



E 


g 


P>-ff 

Fik 8 Showing the ventral view of the antenoi portion of the 
hodj {A), spermathecdl openings 'Bi Enlarged male pore with papilla 
iC;, SpermatheiB with isolated gland and Prostate gland with 

additional glands 

g. The glands associated with the external papilla jir. g - pro- 
state gland 
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(Saitd Hoon Kai) for adequate financial support given for collecting 
the earthworms of Japan for which I wish to acknowledge my deep 
appreciation. 


PAPERS CITED. 

1) BbODARU, F. E., 1900 A Revision of the Earthworms of the Genus Amyntaa 

(Ptnchaeta) P Z. S., PP ,609. 

2) Goto, S. and Hat.m, S., 1898 New or Impeifectly Known Species ol Earthworms 

No 2. Annotationes Zoologicae Japunenses Vol I, No 2 
8) Hatai, S., 1929. On the Vaiiability of Some External Characters in Pheretima 
Vittata (Goto et Hatai). Annotationes Zoologicae Japonenses Vol. 12, 
Na 1. 

4) MlcHAKLSBN, W., 1899. Terricolen von Vorschiedenen Gebieten der Erde. Hamburg 

5) Michaelskn, W, 1900. Das Tierreiih Hamburg. 

8) YAMAC.ucHt, H., 1930. On the Variability of the Cnpsulogenous Glands in the 
Earth-worm. (Transaction of the Sapporo Natural History Society. Vol 
XI. Pt. 2, May) 

7) YAMAdtTHi, H , 1930 Prelimmaiy Repoit on Seieral Sprues of Earthwoims 
Found in Sa|iporo iSuppoio san Kvuin no siishu - YohA' Dobulsiigaku 
Zasshi Vol 42, No 469 




Effect of Inorganic Salts on Photic Orientation 
in Allolobophora foetida (Sav.). 

6. Magnesium Salts — MgS04, Mg(N03)2, and MgCb. 

By 

Eritaro Nomura and Shinryo Ohfuchi. 

BioloRiral Institute, T6hoku Impenal University, Sendai, Japan 
(With 6 Teat-figures') 

ABSTRACT. The experiments were earned on by submerging the 
worms in a solution of the single or mixed magnesium salts. 

1 In the ventral nerve cord, MgSO^ and MgfNOs)ii caused a streng- 
thening at first and then a weakening of positively orienting functioning, while 
MgCI] caused from the beginning a slight weakening 

2. In the brain, MgSO^ caused a strengthening at first and then a 
weakening of negatively orienting functioning, while MgCNO^i): and MgCI] 
caused a weakening. 

3 When MgSO^ was mixed with Mg(NOT)j or MgClg, the general 
tendency of change in 'orientation appeared mainly to follow that of the worms 
place I in MgfNOtlj or MgCI- respeitively 

4 When Mg(NOi)j was mixed with MgClj, the change in positive 
orientation tended mainly to follow that occurring in Mg(NOi)i, but the change 
in negative orientation showed a tendency between those m Mg(NOi)s and MgCI: 
separately. 

5. In all the single and mixed solutions, an increased frequency of 
backward crawling after the submergence was caused by a relative weakening 
of forward ciawling functioning m both the brain and the ventral nerve cord. 

In our last preceding paper*' we have described the effect of the 
sodium salts, NatSO^, NaNOg, and NaCl, on the photic orientation 
in AUoiobophoru foetida, and it was ascertained that among those 
salts only one, NaCl, could cause a strengthening of the degree of 
negative orientation in the worms, even after a pirolonged submergence 

MgClj, CaCly,, NaCI, and KCI. Sci. Rep. TAhoku Imp. Univ., 4th Ser., Vol. 3, 
No. 2, Pp. 161-177. Methods of the experiments and of treating data are given 
in thia pi^r, 

MgSQi. Fe9Qo NosSOy, and K.SO«. Ibid, Vot. 3. No. 3, Faac. 1. Pp. 223-<248. 
*) MgCNOJs, CaCNOa)^ NaNOa. andlWTOs. Ibid., Vol. 3, No. 3, Faac. 2, Pp. 37»-403. 
*> Nil, Kl, NaBr, and KBr. Ibid., VoL 3. No. 4, Faac. 1, 1^. 647-663. 

:Sodium Salta, NosSOa, NaNOs. and NaCI. Ibid., Vol. 5, No. 3, Pp. 467-483. 
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in its solution. Among other salts, however, the effects of which 
were already studied'"^’, we found one, MgClj, which, contrary to the 
case of NaCl, tended to cause a strengthening of positively orienting 
functioning in the ventral nerve cord and a weakening of negatively 
orienting functioning in the brain, therefore a weakening of the degree 
of negative orientation in the worms as a whole with the lapse of 
time. 'I'he experiments, which are to be noted in the present paper, 
wore therefore undertaken to test again the effect of MgClj and, in 
connection with this, of the other magnesium salts, MgSO^ and 
Mg(NO,),. 

'I'he control experiments were carried on m a temperature of 23 C. 
on the l^th day of July, 1928, and again in a temperature of 25‘’C. 
on the 26lh of the same month. The data used in this paper were 
the averages obtained from these two sets of experiments. 

1 EFFECT OF SINGLE SALTS 

'fhe experiments were carried on in a temperature of 23 -25 C., 
July 14-20, 1928. In the experiments, 1/2 the normal solutions of 
MgSO^, Mg(NOn) 2 , and MgClj were used. 

A. Movements of Unoferated Worms. 

50 worms were tested individually in a definite solution for each 
duration of submergence, vist. 30, 60, 90 or 120 seconds. 

In MgSO,, the worms showed neither convulsion nor ejection of 
coelomic fluid in coincidence with the result of previous experiments, 
and even at a duration of submergence above 500 seconds they were 
still active. 

In Mg(NO,)j, the worms showed convulsion at the beginning of 
submergence. Ejection of coelomic fluid, however, was observed only 
after a lapse of above 50 seconds. The worms became so sluggish 
at a duration of above 110 seconds, that we could not obtain the data 
at 120 seconds. 

In MgCla, the worms showed convulsion at 80-100 seconds, but 
ejection of coelomic fluid was not observed even at 230 seconds, at 
which time most of the worms became almost inactive. 
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The differences in number of seconds found between the present 
and previous experiments may depend upon the difference of the month, 


Table 1. 

Angles occupied by the unoperated worms. 


Duration of Pern angles in degrees ' 10 rm angles in degrees 


sulimergenre 

Positive 

' Average 

Negative 

Positive 

Average i Negative 

0 

85.24 

■ 111.62 

116. .88 

84.16 

122.04 1 

128 48 

ao 

79.40 

. 118.16 

12.8 76 

79.46 

125.24 

1S6.78 

MgSO^ fiO 

77.80 

' 106.78 

118.98 

76 68 

11.8.90 

127.32 

90 

78.78 

: 104 74 

115.96 

77.04 

108.92 

121.88 

120 

76.40 

92 86 

106.46 

72.48 

91,06 

108.68 

0 

86.24 

111.62 

116. .88 

84.16 

122 64 

128.48 

MgtNO,), 

80.20 

101 16 

110.96 

80.94 

118 ac 

127.42 

SO. 80 

101 .24 

110.44 

80 70 

112 04 

121.. 84 

90 

O.'s 40 

91 16 

112.76 

66 54 

98.46 

116.92 

0 

85 24 

: 111 62 

116. .88 

84.16 

122.64 

128.48 

:h) 

79.96 

98.52 

1('8 66 

78.16 

105 26 

117.10 

MgCI, fiO 

79.. 60 


10.8.66 

77 88 

94 06 

106.18 

00 

80.54 

91 .00 

100.46 

77 02 

92.66 

105.64 

120 

75.02 

82.14 

96.62 

77.04 

' 89.76 

102.72 


Table 2. 

Freijiiency distribution of the unoperated worms 


I Duration of ! ‘m angles 10 cm angles 



submergence 



]00°-I80' 





in seconds 

C"-80° 

8r-99° 

0'-8C° 

8r-99" 

100‘’-180° 


0 ’ 

0 

1,8 

. a.l 

9 

6 

.86 


.80 

12 

7 

31 

11 

3 

36 

MgSO^ 

60 1 

17 

6 

28 

16 

5 

.80 


90 

18 

4 

' 28 

17 

6 

27 


120 

18 

IS 

19 

20 

9 

21 


0 1 

5 

13 

31 

0 

6 


Mg(NO.), 

SO ! 

■•0 1 

16 : 
10 , 

8 

9 

26 

25 

11 

12 

6 

i 6 

34 

, .83 


90 j 

96 i 

I 2 

22 

22 

1 ^ 

27 

j 


0 1 

6 ! 

1 13 

31 

9 

! ^ 

1 36 


30 

18 1 

12 

26 , 

14 

■ 8 

28 

MgCl, 

60 

16 

1 " IS 

1 21 

19 

I 10 

21 

00 

18 1 

16 

1 17 : 

18 

; 10 

22 


120 j 

24 

13 

' 13 i 

20 


! 20 
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of the degrees of temperature, and of the concentration. 

Orientation. 

According to Tables 1 and 2, in MgSO^ the degree of negative 
orientation of the worms tended to strengthen at first and then to 
weaken with the increase of the number of seconds of submergence, 
while in Mg(NO «)2 and MgCI« it tended to weaken The change in 
MgClt shows a similar tendency with the result of the previous 
experiments, but those in MgSO* and Mg{NOOs show utterly different 
tendencies. 


Crawling. 

It may be stated from Table 3 that in all the solutions, especially 
in Mg(NO»)j, the numbers of backward crawling and winding indivi- 


Table 3. 

Frequency of crawling of the unoperated worms. 
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duals were increased after the submergence. The number of returning 
individuals was also increased in Mg(NO,), and MgCl,. These tenden- 
cies are in general coincidence with the results of the previous 
experiments. 


B. Movements of Operated Worms, 

25 worms were tested individually for each duration of submergence. 


Orientation. 

From Tables 4 and 5 the following tendencies may be noted ; 

In MgSO, and Mg(NO.)„ the degree of positive orientation of 
the worms tended to strengthen at first and then to weaken with the 
prolongation of the duration of submergence. This tendency appears 
alike to that which was noted in the preceding paper. 

In MgCI,, the degree of positive orientation tended rather to weaken. 
This tendency is never alike to that which was noted formerly. 


Table 4. 

Angles occupied by the operated worms. 



Duration of 

a rm. angles m degrees 

10 cm 

in 

degrees 


submcrgenre 
m scrunds 

Positive 

Average 

Negative 

Positive 

Average 

Negative 


0 

49.10 

63.00 

93.90 

39.28 

46.02 

96.74 


.TO 

49.60 

68.64 

94.04 

36.12 

42.24 

97.12 

MgSOt 

60 

67.62 

63 76 

96.24 

46.20 

; 66.48 

101.28 

eo 

61.62 

68.72 

97 20 

49.20 

1 58.78 

99 66 


120 

67.64 

73.76 

96.12 

66.64 

' 76.76 

100.12 


0 

49.10 

B.T.CO 

93.90 

.39.28 

; 45 02 

V5.74 

MgCNOa), 

SO 

48.24 

62 84 

94.60 

.TS.24 

i 42.84 

94.60 

<0 

63.12 

66.64 

1 92.62 

39.80 

' 46.00 

90.20 


so 

66.36 

63.48 

1 98.12 

60.8ti 

* 69.60 

99.24 


0 

49,10 

63.00 

93.90 ' 

.T9. 2$ 

1 45 02 

96.74 


80 1 

60.92 

66.40 

1 96.48 

44.48 

' 49.84 

96.36 

Mga, 

60 j 

86.20 

■67.88 

92.68 . 

42.72 

i 46.40 

93.68 

90 

68.32 

68.16 

04.84 

46.62 

62.92 

96.40 

I 

120 

f 67.12 

61.44 

1 94 32 i 

4S.28 

48.20 

04.92' 
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Table 5. 


Frequency distribution of the operated worms. 



Duration of 
submergence 


6 cm angles 

i 


10 cm angl 

I00'’-180'’ 


in seconds 

O’-SO" 

I 8r-!)9' lOC-lSO'i 

(f-SO- 

j 8r-99‘’ 


0 

19 

i ^ 

3 

20 

! 1 

4 


30 

20 




, 0 

3 

MgSO< 

60 

16 

I"’ ' 

6 

19 


4 


90 

14 

c 1 

6 

18 


6 


120 

14 



1.3 

I 4 

8 


0 

19 

.3 [ 

3 1 

20 

1 

4 

Mg(NO.>, 

.30 

CO 

! 21 

i 

, 

i 

6 i 

22 

19 

; 0 

3 

3 

.3 


90 

j 1C 

; 4 ; 

5 : 

18 

2 

6 


, - 

19 

! 3 ' 

.3 

20 

I 1 i 

4 


I .30 

' 1C 

: 4 : 

6 

19 

2 1 

4 

MgCh 

60 

i 20 

' 0 ! 

2 

20 

2 

3 

( 90 

18 

1 4 j 

.3 

19 


4 


! 120 

' 17 


.3 1 

20 

i 2 i 

3 


Crawling. 

In all the cases (I’able 6) the number of backward crawling in- 
dividuals was increased after the submergence. The number of winding 
individuals might also be increased. 


Table 6 

Frequency of crawling of the operated worms. 


I Duration 

' in "irrond's 


MgSO^ i 


60 

90 

120 


6 cm angles 10 tm angles 


Forward Baikward 



14 2 
0 0 
4 0 
1 1 
0 2 


0 


21 

14 


0 

0 

0 

1 

0 


IV t 8 J 0 

0 ! 26 0 

41 21 1 0 

2 2.8 ! 0 

11 14 I 0 


I 

I 


0 

0 

0 

0 

0 
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S cm angles 10 cm angles 


Duration 


0 14 2 BO 17i8l0 0 

MurNdt 9 3 13 . 0 13 12 0 0 

MgCNOa 60 16 1 , 9 0 17 8 0 1 

90 18 2 6 0 |21 4 0 0 

0 14 2 9 0 17 K O 0 

30 fl 2 10 1 8 17 0 0 

MgClj 00 2 1 21 1 3 22 0 1 

90 7 1 17 0 8 17 0 0 

120 13 0 , 11 , 1 , 13 12 0 1 



C. Changes oe Negativity in the Brain. 

P'rom Table 7, Fi^s. 1-H were plotted in order to see easily the 
states of the changes. In these figures the tracings of the 5 cm. 
angles are denoted by the broken lines, and those of the 10 cm angles 
by the full lines. 

Table 7. 

('alculation of N. 


j Duration of 
submergenc'f 
in seconds 

0 

I 

MgS 04 : «0 

90 

j 120 

i ® ’ 

MgCNO,), : ^ 

90 [ 

0 i 

SO ; 
60 i 


6 cm. angles in dcgices 

PAN 

63.00 ' 111.62 148 02 

63.64 113.16 149.62 

02.70 106.78 1.34.02 

68.72 104,74 126.02 

73.76 92.86 109.10 

63 00 111.02 I 148.62 

62.84 101.16 , 1.38..32 

66.04 1 101.24 ; 1.36.60 

63.48 I 91.16 ! 117 68 

63.00 i 111.62' 148.62 
66.40 I 418.62 123.12 

67.88 ' S'3.22 126..34 

63.16 01.00' 117.84 

61.44 , 82.14 110.70 


10 (in angles m degrees 

PAN 

46.02 122.64 167.62 

42.24 126.24 173 00 

66.48 113,90 147.42 

68.76 108.92 140 16 

76.76 91.06 104. .30 

46.02 ' 122,64 167.62 

42.84 ! 118. .36 166.62 

46.00 , 112.04 i 166.04 

69.60 , 9;’,.46 I 12.3.86 

46.02 ' 122.64 ' 107.62 

49.84 , 106 26 , 146.42 

46.40 94.06 ; 1.37.66 

62 92 I 92.66 I 129.74 

48.20 ’ 89.70 ! 131.66 


MgCIj 


90 

120 
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MgS 04 (Fig. 1) tended to cause in the brain a strengthening at 
first and then a weakening of the degree of negative orientation. This 


Fig. 1 MgSO^. 



Secondi 


Moved angles 
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Fig. 3. MgCl, 



Seconds 


tendency utterly differs from that shown in the previous experiments. 

Mg(NO»)f (Fig. 2) and MgCii (Fig. 3) tended to cause in the 
brain a weakening of the degree of negative orientation. This tendency 
coincides with the respective result obtained jn the preceding 
experiments. 


D. Changes in Crawung. 

From Tables 3 and 6 we may infer that, m all the solutions, the 
strengthening of backward crawling was cau.sed by a relative weakening 
of forward crawling functioning in both the brain and the ventral 
nerve cord. The changes in Mg(NO,), and MgCl* coincide with those 
noted in the previous papers. As to the disagreement of the changes 
in MgS 04 , we can at present only state that a relative weakening of 
foward crawling functioning in the brain may be also a factor causing 
a strengthening of backward crawling of the worms. 

II EFFECT OF MIXED SALTS. 

The experiments were carried on in a temperature of 24 ’-25'’C., 
July 20-27, 1928. In the experiment, an amount of one of 1/2 normal 
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solutions of MgS 04 , Mg(NO,)j, and MgCl, was mixed with the same 
amount of one of the other solutions. 


A. Movements ok Unoperated Worms. 

.50 worms were tested individually for each duration of submergence. 

In all the mixed solutions, the worms showed neither convulsion 
nor ejection of coelomic fluid. 

In MgSO, 4- Mg(N08)j at a duration of submergence of above 250 
seconds, and in Mg(NO ,)2 + Mg(’l, at above 130 .seconds, the worms 
became very sluggish, while in MgSO, + MgCl 2 they were still active 
even after a lapse of 500 seconds. 

Orientation. 

From Tables 8 and 9 we may infer that in all the mixed solutions, 
the worms tended to show a weakening of the degree of negative 
orientation. In MgS 04 + Mg(NO,). this tendency of change may be 
understood as an expression between those shown by the worms placed 


Tabi.e 8. 

Angles occupied by the unoperated worms. 


Ourution of , 
submerj'pncp 

6 cm. 

angles in degrees 

10 cm 

angle, m 

degree 


in seconds 

I’osilive 

Average 

Negative . 

Positive 

; Average 

Negative 


0 

86 24 

111.02 

110.38 

84.16 

122 64 

128.48 

MK.SO 4 1 

.‘10 

79 62 

1 98 00 

109.08 

77.98 

109.62 

121.64 


f )0 

70.08 

92.90 

100.28 

76.84 

101.46 1 

116.62 

Mg(NOj), j 

uo 

71.;!6 

' 80.. 10 

106.00 , 

70.86 

1 92.60 

111.64 


120 

76.02 

' 87.74 

: 102.12 

68.94 

88.94 

110.00 

1 

0 

86.24 

1 111.02 

no. .18 ■ 

84.16 

! 122.64 

128.48 

Mg.S04 1 

.lO ; 

77 00 

98.28 

; 110.02 1 

76.80 

107.60 

121.80 

+ i 

flO 

70.74 

90.12 

, 109. .18 . 

77.10 

1 104.70 

117.60 

MgClo i 

90 1 

77.62 

1 92.86 

' 105.34 ! 

79.94 

! 102.02 

112.08 

i 

120 i 

80.02 

1 91 .28 

, 100.06 f 

79.06 

97.26 

107.60 


0 ! 

86.24 

' 111.02 

1 116. ,18 1 

84.16 

122.64 

128.48 

Mg(NO,>j 

.so i 

77.94 

92 90 

1 104.96 1 

76.42 

! 67.46 

111.04 


fiO 

76.18 

' 88.20 1 

! 10.1.02 1 

74,44 

[ 92.24 

107.80 

MgCIa I 

90 

09.. 14 

' 8».02 i 

10.1.68 

76.76 

90.16 

104.40 


120 

7;; 68 

87.. 10 ’ 

103.78 

76.64 

61 .88 

106.84 
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Table 9. 

Frequency distribution of the unoperated worms. 



Duration of 


6 cm angles 


10 cm angles 


in seconds 

0“-g0" 

81MI9” 

' lOO-’ -lSO- , 

(r-m 

1 81'’-99° 

;ioo°-i80" 


0 

6 

i 1.1 

1 .11 i 

8 

6 

! 36 

MgSO, 

.10 

17 

! » 

I 24 ' 

16 


' 26 

60 

21 

8 

! 21 

16 

1 « 

i 26 

Mg(NO,>, 

80 

26 

; 7 

17 

23 

1 ^ 

1 22 

120 

24 

i 10 

' 16 1 

26 

! 

I 20 


0 

6 

' 1.1 

; i 

9 

1 C 

‘ .16 

Mk.SO< 

1 ,10 

19 

i 6 

! 26 ' 

18 


30 

+ 

00 

IS 

8 

. 24 

16 

I 7 

1 27 

MgCU 

90 ; 

17 

1,1 

, 20 

16 

' 10 

26 

, 120 

17 

i 20 

! 1.1 i 

14 

i 16 

1 21 



0 

1.1 

31 

9 

6 

; .16 

M(!(NO0i 

' .10 

16 

12 

23 

17 

7 

; 26 

4- 

60 


11 

17 

24 

4 

22 

MsCh 

80 

26 

8 

16 



20 

I 120 

24 


18 ' 

2.1 

4 

23 


separately in MgSO^ and Mg(NO,);!, and in MgS(), + MgCJa and 
Mg(N 03 )a + MgCb this tendency appeal's rather to resembl(> that in 

MgCla. 


Crawling. 

In all the cases (Table 10) the numbers of backward crawling and 
winding individuals were increased after the submergence. 

B. Movements ok Operated Worms. 

25 worms were used individually. 

Orientation. 

From Tables 11 and 12 the following tendencies may be noted ; 

In MgS 04 + Mg(N0,)t, the worms showed a strengthening at first 
and then a weakening of the degree of positive orientation. This 
tendency of change may be taken as an expression between those of 
llie worms placed in MgSO^ and Mg(N08)2 separately. 
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Table 10. 

Frequency of crawling of the unoperated worms. 


n 



5 cm 

angles 


lOcm. 

angles 




Duration 

Forward 

Backward 


' 

s 



mergence 


s. g 



1 

1 

i 

s 


in seconds 

1 

5 

After 

elongati 

1 

a 

After 

iZ 

1 

K 

St 


0 

60 

0 

0 

0 

no 

0 

0 

0 

MgS04 

.•SO 

no 

0 

0 

0 

50 

0 

0 

0 

1 

+ 

CO 

47 


.0 


46 

4 

0 

M«(NO,)s 

90 

60 

0 

0 


49 

1 

0 

0 


120 1 

46 

0 

4 

0 

46 

4 

0 

0 


; 0 

60 

' 0 

0 

0 

no 

0 

0 

0 

MgSO, 

1 .00 

no 

0 

0 


60 

0 

0 

0 

+ 

1 60 

49 

0 


0 

no 

0 

1 

0 

MgClj 

1 90 

49 

I 

' 0 

0 

no 

0 ' 

0 

1 

0 

120 

48 

0 

2 

0 

48 

2 

0 


0 

no 

0 

0 

0 

no 

0 

0 

0 

Mg(NOi^ 

1 .00 

49 

0 

0 

1 

49 

1 ' 

0 

0 


60 

60 

0 

0 

0 

no 

0 , 

0 , 

0 

MgClj 

90 

4.0 

0 

7 


4f> 

6 , 

0 

1 


120 

49 

0 

1 

0 

49 , 

1 

0 

0 


Table 11. 

Angles occupied by the operated worms. 
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Table 12. 


Frequency distribution of the operated worms. 



Table 13. 

Frequency of crawling of the operated worms. 
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In Mg(N0a)2 + MgCls, the worms showed also a tendency similar 
to the above, and this tendency appears to resemble that in Mg(NOa)s. 

In MgS 04 + MgClo, the worms showed a weakening of the degree 
of positive orientation. This tendency appears rather to resemble that 
in MgCJ*. 


Crawling 

From Table 13 we may infer that in the mixed solution the numbers 
of backward crawling and winding individuals were increased after 
the submergence. 


C. Changes of Negativity in the Brain. 

From Tabic II, Figs. 4-6 were plotted 

In all the cases, the degree of negative orientation in the brain 
showed a weakening, following the prolongation of the duration of 
submergence. 

In MgSO, + Mg(NO ,)2 (Fig. 1) or IVIgSO^ + MgCl.^ (Fig. 5), the 


Table 11. 
Calculation of N. 



Duration of 

1 6 cm angles in degrees 

10 cm 

angles m 

degrees 


submergence 








m seconds 

P 

A 

N 

P 

A 

N 


0 

63.00 

111.62 

148.62 

46.02 

122.64 

167.62 

MkS 04 

.10 

49.66 

98.60 

1.38.04 

41.24 

109.62 

168.88 


CO 

61.92 

92 96 

1.31 .04 

44.68 

101.46 

146.78 

Mg(NO,)o 

90 

6.3. 2.3 

86.. 36 

11.3.13 

60.64 

02.60 

1.31.80 


120 

68.76 

87.74 

108.98 

60. KO 

88.94 

118.14 


0 

63.00 

111.62 

148 62 

46.02 

122.64 

167.62 

MgSO^ 

.SO 

66.24 

98.28 

1.32.04 

45.84 

107.60 

161.76 

+ 

60 

69.28 

96.12 

120.84 

46.12 

104.70 

149.68 

MgClj 

90 

64.96 

92.86 

117.90 

48.36 

102.02 

143.66 


120 

: 68.24 

91.28 

113.04 

,64.28 , 

97.26 

132.98 


0 

63.00 

111.62 

148.62 

45.02 

122.64 

167.62 


.<50 

48.92 

92.90 

133.98 

87.66 , 

97.46 , 

149.90 


60 

67.04 

88.20 

121.16 

60.04 

92.24 

132.20 

MgClj 

90 

62.16 

83.02 

110.86 

66.16 

90.16 

126.00 


120 

64.04 

87..36 

113..32 

66.44 

91.88 

116.44 
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tendency of change appears to be influenced by Mg(NO,)2 or MgCl* 
respectively more than by MgSO^, and in Mg(N03)2 ' MgCb (Fig. 6), 
it may be taken as an expression between those of the worms placed 
in Mg(NO,)j and MgCl^ separately. 


Fig 4 MgS04+Mg(N0,)2. 



SO 

Seconds 


80 
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Fig. 6. Mg(NO,),+MgClj. 





D. Changes in Crawung. 

From Tables 10 and 13 it may be inferred that in the mbced 
solutions used, the strengthening of backward crawling was caused 
by a relative weakening of forward crawling functioning in both the 
brain and the ventral nerve cord. 


III. REMARKS 

Mg(NO,)j, Let us first make mention of Mg(NO,)t. The previous 
set of experiments was carried on in a temperature of 15.6"-16.0‘’C., 
October 16-21, -while the present ^t was under an influence of tem- 
perature 23°-25°C,, July 14-20, though in both sets a solution of the 
same concentration, namely 1/2 normal solution, was used. Probably 
because of the difference of the degrees of temperature as well as of 
the seasons, we obtained as the result of die new experiments a 
tendency of change in ^4 or in the degree of photic orientation of 
the unoperated worms, which is dflferent from that of the previous. 
According to our hypothesis, this difference is due to the difference 
in the antagonistic relation occurring in the respective set between P, 
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or the degree of positive orientation shown by the ventral nerve cord, 
and N, or the degree of negative orientation shown by the brain. 
In fact, in the new experiments the tendency of change of P and of 
N was more or less modified from the respective tendency obtained 
in the previous, even though in both sets these were fundamentally 
identical. This instance therefore appears to us to be a suitable case 
in suggesting that the tendencies of change in the brain and the 
ventral nerve cord must be determined as we are doing before the 
validity of reversals of photic orientation of the worms is spoken of 
under various conditions. 

MgCl|. In the previous experiments, 1/2 the normal solution was 
used in a temperature of about 20^C., June 10-22, and the operated 
worms iP) showed a tendency to strengthening the degree of positive 
orientation The present experiments however were carried on under 
an influence of a little higher temperature. July 14-20, and the 
operated worms showed a tendency to rather weakening the degree 
of positive orientation, m .spite of placing them also in a solution of 
the same concentration. As to the difference between the tendencies 
of change in Ps, we are.of the opinion at present that it is mainly 
due to the different degrees of temperature as well as to the different 
months”^ and we proceed to state the facts as they were without 
adding further supposition. 

MgSO^. In the previous set of experiments, 1/1.7 the normal 
solution was used under an influence of temperature of 22.8 ’-25.6"C., 
September 2-23, and in the present set. 1/2 the normal solution was 
used in a temperature of 23'’-25°C., July 14-20. Thus it may be 
considered that both experiments were conducted under nearly the 
same conditions, in spite of the difference of the concentrations as 
well as of the seasons®'. Nevertheless, the result from A and from N 
in the respective set was so different from each other, that it was 
impossible to us to treat this case so briefly as in the cases of 
Mg(NO,)t and MgCl,. In order to test again, therefore, the effect of 
MgSOi, another set of experiments was made in a temperature of 
17’C., May 23-24, 1930, using also 1/2 the normal solution. The 

E. Nomura and S. Ohfuchi. fSeawnnl chanRes of photic orientation in AUolo- 

bophora foetida. 1928. Sci. Rep. Tahbku Imp. Untv , 4th Ser., Vol 3. No. 2. Pp 

97 - 112 . 



686 


E. NOMURA AND S. OHFUCHI 


Table 15. 

Records from 50 unoperated worms placed in MgSO^ 
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Table 16. 

Records from 25 operated worms placed in MgS 04 . 
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Table 17. 

Calculation of N from the records made in MgSO<. 


Duration of 
submergence 
in seconds 

6 cm. 

angles in degrees 

10 cm. 

angles in degrees 

P 


N 


A 

N 

0 

70 60 

104.10 

12.1.60 

69.44 

122.20 

142.76 

.TO 

66.56 

104.96 

139.40 

46.52 

123.46 

166.94 

60 

68.56 

106. .TO 

187.74 

41.82 

126.22 

174.90 

90 

61.72 

10.1.48 

181.76 

48.28 

119.10 

165.82 

120 

62.04 

90.96 

118.92 

60.12 

108 .12 

148 20 

180 

70 TO 

90.66 

109.86 

62.86 

104.16 

131.80 

240 

68.20 

90.12 

111.92 

67.48 

106.76 

128.28 


crawling is caused by a relative weakening of forward crawling func- 
tioning in both the brain and the ventral nerve cord. 

From the results just stated, we come now to believe that the 
previous series of experiments may contain some errors ; and from 
the evidences occurring m the mixed solutions containing MgSOi not 
only in the present but also in the previous experiments, we come to 
accept the correctness of the new results. The corrigenda relating 
to this point will be given later at the end of this report, 

IV .SUMMARY. 

MgS 04 caused a strengthening at first and then a weakening of 
both positively orienting functioning in the ventral nerve cord and 
negatively orienting functioning in the brain. 

Mg(NO0j. MgS 04 + Mg(NO,)f, and Mg(NO,)i-f MgCl, caused a 
strengthening at first and then a weakening of positively, and a 
weakening of negatively, orienting functioning. 

MgCb, amf MgSOi-f-MgCls caused a weakening of both positively 
and negatively orienting functionings. 

When MgSOi was mixed with Mg(NOi()t or MgCb, the general 
tendency of change in orientation appeared mainly to follow that of 
the worms placed in Mg(NO»)* or MgCb res^iectively. 

In Mg(NO,)8 + MgCl,, the change in positive orientation tended 
mainly to follow that occurring in Mg(NOii)», but the change in negative 
orientation showed a tendency between those in Mg(NO,), and MgCIi 
separately. 
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In Mg(NOa)j, convulsion occurred at the beginning of submergence 
and ejection of coelomic fluid at above 50 seconds. 

In MgClj, convulsion occurred at 80-100 seconds of submergence, 
but ejection of coelomic fluid did not occur. 

In MgSO„ MgSO^ + MglNO,),. MgSO^ + MgClj, and ?Mg(NO.),+ 
MgCli neither convulsion nor ejection of coelomic fluid occurred. 

In all the single and mixed solutions, the increased frecjuency of 
backward crawling after the submergence was caused by a relative 
weakening of forward crawling functioning in both the brain and the 
ventral nerve cord. 

In MgS 04 , returning movement was weakened after the submer- 
gence, while winding movement was strengthened. 

In Mg(NOj)i and MgCl^, both returning and winding movements 
were more or less strengthened. 

Corrigenda. 

The corrigenda are given to correct the misinterpretations stated 
in the previous report"^ in connection with the effects of the mixed 
salts containing MgSO^. 

1. In MgS 04 4 FeS 04 , the general tendency of change m orienta- 
tion tended mainly to follow that of the worms placed in MgSO,. 

2. In MgSOt + Na^Oi, the general tendency of change in orien- 
tation appeared to be an expression between those in MgSO^ and 
NatSO, separately. 

3. In MgS 04 -f KiSO,, in the 5 cm. angles the general tendency 
of change tended mainly to follow that in KiSOi, but in the 10 cm. 
angles it tended mainly to follow that in MgS 04 . 

October 11, 1930. 


*) Loc. cit. 




On the Number of Ganglion Cells and Nerve Fibers in 
Some of the Ventral Nerve Cords of the Earthworm. 

2. The Number of Nerve Fibers. 

By 

Fumiyo Ogawa. 

Bioloxiral Institute, Tfthoku Impenul University. Sendai, Japan. 

(With I'l XXIV and 6 text-fiRures i 

INTRODUCTION 

The present paper is the second of a series of my contributions 
on the number of ganglion cells and nerve fibers of the earthworm, 
and intends to report the numerical relation of ganglion cells and nerve 
fibers in those ganglia under consideration. Hence in the present 
work the nerve fibers were chiefly enumerated, especially those passing 
through the ventral nerve cord or peripheral nerve trunks leaving the 
ganglia, the cells of which I have already numerically treated. For 
this purpose it is necessary to learn at first the inner minute struc- 
ture of the three paired nerve trunks given off from each ganglion 
as well as that of the ventral nerve cord. So the histological obser- 
vation was made upon peripheral nerves and ventral cord before 
actual calculation of nerve fibers contained in them was attempted. 

Hitherto, the numerical relation between the ganglion cells and 
nerve fibers has been established by various investigators, but almost 
all of them employed, as the materials, vertebrata, such as frog, 
albino-rat, rabbit, man etc., but not invertebrata, to my regret. In 
order to ascertain, whether or not what was found in the vertebrata 
is also true with the nervous system of the invertebrata, I have used 
chiefly several earthworms and in addition Hirudo nipponica for the 
purpose of comparison. 

MATERIALS AND METHODS 

Coinciding with my previous work, 1 have used three species 
of Pheretima, P. communissima, (Goto & Hatai), P. htlgendorfi, 
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Michaeusen, and P. vittata, (Goto & Hatai), 
and in addition I have employed two other worms ; 
Allolobophora foetida, (Sav.), and Hirudo nip- 
ponica, White, for the purpose of comparison. 

These earthworms were collected chiefly in 
Sendai and its vicinity during the breeding season : 
July, Aug. and Sept. 

In order to avoid an abnormal contraction of 
the body, the worms were narcotized for a few 
minutes in a solution of 0.1 percent chloretone 
and were slit along the dorsomedian line with 
scissors, and the viscera were removed as much 
as possible without injuring the nerves, while 
under the influence of anaesthetics, 'fhe shrinking 
of the body in the fixing solution was avoided 
by pinning with wooden pins, and by plunging 
it immediately in one of the following fluids : 

Fixing fluidf Fixing time. 

1) Lavdowsky’s solution 24 hours 

acetic acid 19^ 500 cc. 

(xitassium bichromate 20 gr. 
sublimate (saturated) 10 cc. 

2) Acetic sublimate 30 minutes 

3) Zenker’s solution 24 hours. 

Of these fluids, the Lavdowskv’s solution gave 

the best results for this study. After fixation 
they were dehydrated and preserved in the usual 
manner, then two desirable pieces of the ventral 
cord with thd body wall were cut off; that is, 
one piece from the XVlIth to XlXth and an 
other from XXIXth to XXXHnd segment. 


Text-fig. 1. A diagram of the larger nerves of the earthworm in dorsal view, 
showing the parts examined. cIV, cutting the interganglion in the IVth segment; 
cXVIII, m the XVlIIth segment. eXXX, in the XXXth segment; cCII, in the Cllnd 
•segment, cd, cutting the double nerve; dn, double nerve; ci, cutting the single nerve; 
g, ganglion, ig, intergangtion; sn, single nerve. 
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Text-fig. 1 is a diagram of the larger nerves of the earthworm, 
showing the parts (marked with c) examined in my present work. 

To ascertain the number of nerve fibers, it is most necessary to 
have thin and exact cniss section ; so the materials embedded in 
paraffin were cut to 6 or 8 niicra. Many stains were used so as to 
bring out the cross section of the nerve fibers clearly. 

1) Delafield’s haematoxylin-eosin on sublimate materials. 

2) Heidenhain’s iron haematoxylin on sublimate or bichromate 
materials. 

3) Mallory’s staining, as an excellent method to differentiate 
entire tissues for the materials treated by Zenker’s solution. 

For the first place, as the most convenient region, I have selected 
the interganglia (Text-fig. 1, ig.) of the ventral cord, or the portion 
connecting one ganglion with the next, where the nerve fibers pass 
through without confusion , for the second, the peripheral nerve trunks 
were cut at the most approximate regions to the ventral cord, where 
the nerve fibers do not ramify (See Text-fig. 1). 

In these preparations, we can distinguish two kinds of nerve fibers, 
motor or efferent and sensory or afferent fibers, as the diameters of 
the former fibers are large and appear in clear outline (Text-fig. 2), 
containing a single neurofibril, while those of (he latter are too small 
to be calculated. Such structural differences of the two kinds of 
fibers just alluded to have been well established by many authors, 
such as, Lenhossek (’92), Retzius (’00), etc. and are accepted by all 
subsequent writers. 

In practice, I have enumerated only the motor nerve fibers, be- 
cause they are thought to be concerned .mainly with the ganglion 
cells in the ventral cord, while the sensory fibers are considered to 
originate from the neuroepithelial cells in the epidermis (Lenhossek 
’92, Retziu.s ’00). 

The calculation was made by the following method ; all the in- 
dividual fibers contained in the desirable portions were first drawn 
by means of a “ Zeichenprisma ” under oil immersion Oc. 4, Ob. 12/1, 
and then were counted from the drawings by a self-counter to which 
the needle was attached. 

Throughout the entire study, 1 have used only mature worms of 
nearly the same size, weigli't, etc. Moreover, 3-5 individuals were 
used for each series of determination. 
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HISTOLOGICAL STRUCTURE OF THE NERVE FIBERS. 

Before entering into the calculation of nerve fibers, it will be 
necessary to describe briefly the histological aspect of the ventral 
cord and of the peripheral nerve trunks. 

1) The ventral nerve cord. 

The ventral cord of the earthworm consists of numerous ganglia, 
which are segmentally arranged, and the interganglia (named by 
Hess “ Connective ”) which connect the ganglia (See Text-fig. 1). 

It is covered externally by the peritoneum, under which is a layer 
of longitudinal muscles, together with a sheet of cuticnlar materials; 
by these three elements just stated the sheath of the ventral cord is 
formed. Surrounded by the sheath is found the neuropile, which is 
divided into two distinct lateral strands, and the median small bundle 
(Plat. XXIV, Fig. 1, n, and mb.). The former two strands are con- 
sidered to pass through the entire length of the ventral cord, while 
the latter median bundle, which is called by Friediander (’88) 
“ Medianer Nerv ”, appears in the interganglion only. In each gang- 
lion .^the ganglion cells are found around the outside of the neuropile. 

The neuropile in the ganglion consists of interiacing nerve fibers 
of various sizes, of efferent and afferent nature, while in the inter- 
ganglion all nerve fibers take a course nearly parallel to the longitu- 
dinal axis, and hence I have only employed the latter for the purpose 
of calculation in neuropile. The neuropile of eAch side has three 
bundles, named by Friedlander (’88) Hauptfaserziigen, which consist 
of Dorsal-, Lateral-, and Ventralhauptfaserzug (See Plat. XXIV, Fig. 1). 

Minute observation of. the neuropile reveals that this contains 
three sorts of nerve fibers of different sizes, namely, large, small and 
extremely fine. As to the proper^ of these fibers, I have followed, 
as was stated already, the definition of Lenhossek, Retzius, etc., 
that the large and small fibers are efferent in nature originating from 
ganglion cells in the ventral cord, while the extremely fine fibers are 
afferent fibers arising from the epidermal layer. 

2) The peripheral nerve trunks. 

From each ganglion there arise three pairs of peripheral nerves 
(Text-fig. 1, sn. dn.). The first pair is called the single nerve (named 
by Hess anterior nerve trunk) ; the second and third together are 
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ttiled tlie doolile nerve, as they are fused «t their bases to a common 
root, namely anterior and posterior nerve trunks (oi Hess’ nomencula- 
ture middle and posterior). Since these nerve trunks ramify into 
many branches soon after they leave die ventral nerve curd, 1 have 
studied only the most proxinaal portion of the nerve trunks by cross 
section, before any brandling occurs (Text-hg. 1, c). 

The single nerve is composed of both the efferent and afferent 
fibers and lacks blood vessels, etc. (See Text-fig. 2, B). 



Text-fig 2 Cross section of the single and double neives in the XXXth 
segment of the earthworm, P. oommiwusdna, X4W) A, double nerve, ant, an- 
terior nerve trunk; B, single nerve; b, blood vessel, Imf, large motor (efferent) 
nerve fiber; n, neurofibril, pnt, poeteriur nerve trunk, sf, sensory (afferent) 
nerve fiber; smf, small motor (efferent) nerve fiber, st. structures of cellular 
appeeranee yet unidentified. 

As Texfcfig. 2, A shows, the anterior trunk of the double nerve 
is mainly used as the pathway for afferent fibers, mixing in them 
only a few of the smaller efferent fibers, while the posterior trunk is 
tdmost entirdy occupied by the large efferent fibers and afferent fibers 
occupy small area. These 'facts have been already ascertained by 
many authors, such as Lenhossek (’92), Retsius (’00), etc. These 
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two nerve trunks are covered by a common sheath accompanying the 
blood vessels ; they have furthermore three elongated structures of 
cellular appearance yet unidentified in the border-region between the 
anterior and posterior trunks (Text-fig. 2, A, st) and also a few ganglion 
cells are present in the distal portion of the nerve trunks. 

These unidentified structures appear to hold nuclear-like bodies as 
well as granular and fibrillar substances, in them but are different 
from regular ganglion cells, and are constantly present in double nerve. 
In the affinity to staining agents they differ from the regular nerve 
fibers, since in Mai.f>ory’s staining all other nerve fibers are coloured 
to blue, while these unidentified structures take a lighter red colour, 
not only in the nuclear-like body but also in the other substances 
already mentioned. 

So far as 1 am aware, there are no statements given in regard 
to this structure and I am unable to determine its nature. 

THE RESULTS OF THE CAIX’ULATION 

The numerical values in the tables mean always the average ob- 
tained from 3 to specimens of each species or variety. 

1) The XXXth segment of three species. 

Tables I and III show the number of efferent fibers in the XXXth 
segment, in which none of the special organs besides the alimentary 
tract, blood vessels and nephridia is found, and for the sake of con- 
venience I shall call' such segments “ typical .segments ”. 

a) Neuropile. 

The number of nerve fibers contained in the right and left neuro- 
piles are given separately in order to indicate the symmetrical distri- 
bution in both sides, together with the sum of the two numbers. 

From Table I, it is clearly seen that in the interganglion of the 
XXXth segment the numbers of efferent fibers are nearly equal in 
three different species; P. communissima, P. hilgendorfi, P. vittata, 
being on the average 2427, 2408 and 20p9 respectively. 

A similar relation holds in the other typical segments XL, LX 
and LXX (Table II), in which none of the special organs is found, 
as in the XXX segment, that is, all ganglia belonging to these segments 
just mentioned gave almost equal numbers of efferent fibers. 
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Table I. 

On the ventral cord of XXXth segment. 


No. of efferent libers in neuropile 

No. of ganglion rolls. 

Right Left c 

! half 1 half 

P. cnmmuntssima 1208 

56 

1163 1 2427 

: 608 

1 600 

1208 

P hdgendorfi 1187 

67 

1164 i 2408 

680 

j 601 

1171 

P vUtata 

005 

66 

1019 j 2069 

, 676 

665 

1141 

P. vittiita 
(pro-slate in 

IwthsideaV 

64 

1086 ; 2263 

667 

1 848 

1116 

P. vtttdta 
(prostate m 

right hide'i '*^**'* 

60 

1118 i 2262 

673 

’ 667 

1140 

P, vittata 
(prostate in 

left side') , 

63 

1031 1 2107 

663 

660 

nos 



Table II. 





On P. Vittata (without prostate gland). 



No of 

! No. of efferent fibers in the neuropile 

No of ganglion rolls 

seRtnent 

Right halt; Median; Left half .Sum Right half 

r.efl half 

Sum 

XXX 

1 005 i 56 

‘ 1010 ; 2069 , 

660 1 

633 

1102 

XL 

1017 64 

! 1084 2166 

560 

641 

1 1001 

LX 

! 1009 ! 48 

; 1106 2162 

660 

666 

1126 

LXX 

j 1020 ; 60 

i 008 2068 ; 

620 

664 

1084 


On comparing these results obtained from the nerve fibers with 
the number of ganglion cells in corresponding segments, as is shown 
in Table I, it is clear that the number of efferent fibers in the 
neuropile is about twice as many as the number given by the ganglion 
cells. This relation just stated seems to suggest that the given inter- 
ganglion contains not only those efferent fibers which originate from 
each corresponding ganglion, but also those coming from the ganglia 
situated in other neighl)ouri{ig segments. Since each ganglion is con- 
sidered to contain besides the unipolar ganglion cells, whicli make 
the majority of cell elements, also the bipolar ganglion cells, both 
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processes of which may enter Into both anterior and posterior inter* 
ganglia, and, in addition, the nerve fibers may give branching. We 
may anticipate under such circumstance, the excess of the fibers over 
the cell numbers. 

In fact it was actually observed by CERFOPmNE, Retzius, Haller, 
etc. with Golgi’s method that the processes of the bipolar ganglion 
ceHs pass over 2 or 3 anterior and posterior ganglia in the consecutive 
segments. 

I am unable to state at this moment how far the efferent fibers 
overpass the neighbouring ganglia forwards and backwards. 

In short, (1) the numbo' of the efferent fibers as well as that of 
the ganglion cdls found in these typical segments are nearly the same 
in three distincdy different species; and (2) the number of efferent 
fibers are greater than that of the ganglion cells in all cases. 

I attempted to ascertain the number of efferent fibers in the 
neuropile of Allolobophora foetida and of Hirudo nipponica, but failed 
on account of the extreme fineness of the nerve fibers to be enumerated. 

1^ Peripheral nerve trunks. 

From Text-fig. 2 and 3, one can find that the diameters of efferent 
fibers vary considerably, and in Table U, I have given those large 
fibers having a diameter of more than 0.025 mm. (In Table 111 the 
numbers in brackets represent these fibers). 

In all cases (From Table III), the numbers of large fibers (in 
bracket of Table II) are nearly equal in the single nerve but those 
of the smaller efferent fibers show a greater tendency to variability. 
Furthermore, it is evident from Table III that in general the single 
nerves contain approximately the same number of efferent fibers in 
ail species of Pheretvma. 

Contrary to the smgle nerve, the anterior trunk of the double 
nerve consists chiefly of sensory fibers, giving such smedl numbers o# 
small efferent fibers ; as 62, 68 and 74 etc. (See Table III, Column 
b and b')- 

€>n the other hand, the posterior ^ah the double nerve consista. 
mainly of large efferent fibers, as with the single nerve, though die 
numbers are small, being namely 32, 31 and, 30. The dimpeter of 
these large fibers are also nearly the same in all the three sf>ecie^, 
as Text-fig. 3 and 4 indicate, though the liwgest diameteK given bgr 
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Table III. 

Number of eflferent fibers in tbe nerve trunks 
of the XXXth segment. 






— 

Double ne 

arc. 



Specimens 

StaglB ne 

*ve. 

Anterior t 

Poste 

lor t. 


Total 


Right 

Left 

Sam 

Right 

Left 

Right 

Left 

Sum 


i 

a 

V 

A 

b 

^ b^ 

c 


B 


P commumtttma 

70 

(32) 

68 

(30) 

188 

“ 

64 

64 

(82) 

63 

(80) 

263 

301 

P. hdgndorfi 

62 

(34) 

66 

(26) 

127 

66 

67 

66 

(28) 

64 

(20) 

262 

380 

P. vUtaia j 

63 

(34) 

67 

(22) 

120 

1 ! 

^66~ 

60 

68 




1 268 

807 

P. vittabi 1 

(prostate in both aides')! 

61 

(2a) 

65 

(23) 

' 126 

68 

' 74 

1 63 

1 (31) 

er 

(32) 

1 272 

308 

P. viUala 1 

(prostate in right side')! 

68 

(22) 

66 

(23) 

1 134 

68 

L . 

i 6,8 

i 64 

i ( 80 ) 

63 

(28) 

268 

302 

P. vUtata 

(prostate in left side) : 

08 

(28) 

71 

(24) 

130 

! 

1 64 

' 6S 
! (31) 

66 

(20) 

256 

.•106 


P. hilgendorfi and P. vittata are greater (17 micra) than P. com- 
munissima (12 micra). 

On other species; 

a) Altolobophora foetida. 

From the sake of comparison I have examined a few typical seg- 
ments (XLIl, L, and LX) of Altolobophora foetida. 

The diameters of efferent fibers in the peripheral nerve trunks 
are much smaller than those of Pheretima (See Text-fig. 4, E, F). 
r have given in the following table the total number of efferent 
fibers found together with the ganglion cells in the corresponding 
ventral cord.' 

FVom Tables III and IV, ^he ratios between the number of ganglion 
celts and of efferent fibers in Atldobophora foetida are given, con- 
trasted with the similar values obtained from P. communissima : 




700 


F. OGAWA 


No. of cells No. of fibers Ratio 

P. communissima 1208 ; 391 = 3.1 

A. foetida 737 ; 216 = 3.4 

Table IV. 

On Allolobophora foetida. 



From this result it ls clear that these two species of earthworms, 
belonging to two different families, give nearly identical ratios. What 
is meant by this unique coincidence, I am unable to interjiret. 

b) Hirudo nipponica. 

In order to observe these relations on worms of a different order 
I have chosen as an example Htrudo nipponica. The cross sections 
of the two peripheral nei-ve trunks leaving the ganglion of this An- 
nelida are drawn in Text-fig. -1, H and G, which present several 
differences in the inner structure from those presented by the peri- 
pheral nerve trunks of the earthworms. As I have shown above 
(Text-fig. 4, H and G), some of the efferent fibers of Hirudo nip- 
ponica possess two or three neurofibrils within each nerve, contrasted 
with always only one neurofibril in Pheretima. 

The sum of the number of efferent fibers in both the anterior 
and posterior nerve trunks of H. nippouica (See Table V) is much 
smaller than that given by the sum of three trunks of A. foetida, 
whereas the number of fibers in each trunk of the former comes very 
near to that of the fibers contained in each of the three trunks of 
the latter (the former being 28, 45, and the latter 38, 24, 46). At 
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the same time, it is also noticeable that in H. nipponica the ganglion 
cells of the corresponding ganglia are considerably smaller than those 
in A. foetida (the former being 483, and the latter 737). 


Table V. 

On Hirudo nipponica. 




No of efferent fibers 




No of 
ScKment 

Anterior trunk 

Posterior trunk 

Sum 


„a..gtiou .dis 


Right 

Left 

Right 

I.eft 

Right 

Lcfi 1 Sum 

LX 

27 

28 

46 

44 

146 

246 

240 486 

XV 

28 

2fi 

4S 

46 

142 

2,10 

241 j 480 

Average 

28 

27 

44 

45 

144 

24fi 

241 1 48.8 


If we compare the ratio of ganglion cells to efferent fibers, both 
animals give nearly equal ratios. 

No. of cells No of fihers Katio 

A. foetida 737 : 216 = 3.4 

H. nipponica 483 ; 14<1 = 3.4 

It appears as though this particular kind of ratio undergoes no great 
variation, not only between different species belonging to the same 
genus, but even when the animals belonging to different orders are 
compared. However, how extensively this statement applies will be 
an interesting point to determine. 

2) The XVIIIth segment of the three species of Pheretima. 

As has been stated in my first paper (’28), the prostate gland is 
invariably found in P. communisstma, while it is occasionally found 
in both P. hilgendorfi and P. vittata, though these two latter species 
normally lack. it. Accordingly, in the XVIIIth segment the number of 
ganglion cells varies remarkably, whether the given sfiecies possesses 
the prostate gland or not: for instance, in P. communissima, which 
possesses the prostate gland in both sides, there are about 4000 
ganglion cells and in P. vittata, in which the prostate glands are 
present, there are 3500, while the same species, when it does not 
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poasesA them, gives oniy 15G0 or nearly the same nuralm given bgfi 
P. hUgendorfi, which is also destitute of its organ. 

To show how the number of efferent nerve fibers is affected by 
the presence or absence of the prostate gland Tables VI, VII, and X 
are presented. 


Table VI. 

On the ventral cord of XVlIIth segment. 



No of efferent fibers in neuropile 

No. of ganglion cells. 


Right 

half 

Median 

half 

Sum 

Right 

half 

Left 

half 

Sum 

P. eommuruaatma 
(proitate in both sidei't 

16 ir> 

66 

1602 

3082 

2021 

2020 

4060 

P. pitlata 

CpsosUte in both sides) 

1494 

70 

1610 

8074 

1707 

1726 

8488 

P. vUtata 

(prostate in right side > 

1609 

62 

1282 

2863 

1622 

1896 

2»!8 

P. vittata 

(prostate in left side) 

im 

67 

1606 

2736 

1834 

1436 

2770 

P vittata 
(without prostate') 

12.11 

60 

1196 

2487 

798 

789 

1632 

P. htlegndorfi 
(without prostate) 

1263 

66 

1364 

2683 

768 

761 

1619 


a) Neuropile in the ventral cord. 

In the neuropile of P. communissima the number of efferent 
fibers is as much as 3082, while that of the ganglion cells is 4050. 
On the other hand, those two other species; P. hUgendorfi, and P. 
vittata, in which the prostate glands are not found, give respectively 
2683 and 2487 fibers and 1519 and 1532 cells. Now if we compare 
the number of efferent fibers with that of ganglion ceils, we nirtice at 
once that in P. communiasima the numbo- of cells exceeds that of 
the fibers, while in the other species, which does' not possess thft 
prostate gland, the contrary relation is shown, giving an excess ol 
ceUs over the number of fibers (See Table VI). 

These relations just stated may also be seen hrom Chart 1, m 
which the numbers of ganglion cells in the corresponding ganglia AM' 
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Sivea widi the numbers of efferent fibers, estimated in the iwuropfies 
aud peripheral muve txnnks. 



Chart 1. Showing th« relation between the number Oi ganglion celU and 
efferent fibers in the neighbourhood of the XVIIIth and the XXXth segments 
of two species of Pheretima, one of which (P eommumssima) possesses the 
prostate gland m both sides, and the other of which {P vittata) lacks it (.based 
on Table VII, and Chart 1 of my previous work) 


If we compare the two species of worms tt»itb respect to the 
number of cells and fibers, one which possesses the prostate gland 
and the other which is destitute of this organ, we notice a greater 
number of cells than of fibers; 

P. oosMnunusfma P. htlgtmiorfi difference 

Ganlion cells 4050 - 151» = 2531 

Efferent fibers 3831 ^ 2997 = 834 

On tho neuropiles and peripheral nerve trunks) 

We find that the number of gangikm cells shows an excess of 2531, 
while the excess ^own by the fibers is 834. In other words, in the 
worms with the prostate gland die increase of cell elements is far 
greatw dian that of the fibers. 

Moreover, I found in P. communiasima that these excesses of 
efferent fibers seem limited, in diis XVIHth segment, unlike the 
iMHuber of ganglion eeHs which diows a noticeable increase in the 
neighbouring ganglia ; for instance, the number of them in the XVIIth 
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is 2462 cells and 3388 fibers, and in the XIXth 2072 cells and 3048 
fibers (See Table VII), while in P. vittata, in which prostates are 
lacking, the number of cells in these segments is nearly constant. 


Table VII. 

The comparison of the number of efferent fibers of 
P. communissima (with prostate) and P. vittata 
(without prostate). 


M f 

No of 
/> 

efferent fibers of 

No of efferent fibers of P vittata. 

segment 

BotK 

H paired 


Both 

paired 

Sum 



trunks 




XVI 

27S5 

64.3 

3.328 

2607 

663 

8160 

XVll 

2S27 

561 

.3388 

2661 

641 

.3102 

XVIU 

3082 

740 

8831 

2487 

429 

2916 

XIX 

2022 

426 

.3048 

2494 

437 

2981 

XX 

2604 

.398 

2902 

2473 

423 

2896 


In spite of the comparatively smaller excess of the efferent fibers 
in the neuropile in XVIIltb segment, a more remarkable change is 
found in the larger peripheral nerve trunks. 

b) Peripheral nerve trunks. 

In Text-figs. 3 and 4, we may at first recognize the difference 
of the size between the nerve trunks belonging to the specimens 
possessing the prostate gland and those lacking it. In order to see 
the difference more precisely, the areas of the cross sections of the 
nerve trunks were measured with- a planimeter, and the results show 
(Table VIII) that while the single nerves of the specimens with 
pro.state gland [P. communisstma and a variety of P. vittata) give an 
area of about 20 sq. cm. in x800 magnification, those without it 
give only 1 1 sq. cm in x 800. Similarly, while id the double nerve 
the area of the cross section of the nerve associated with the gland 
measures 32 sq. cm. (anterior) and 40 sq. c.n. (posterior), the specimens 
without the gland measure 23.6 sq. cm. (anterior) and 15 sq. cm. 
(posterior). 
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Text-fig.'^ The comparison of the single and double nerves between two 
segments of earthworms, one of which has the prostate gland and the other 
not, showing mainly the efferent fibers in the cross sections, x 480 A, double 
nerve; and B, single nerve in the XVlIIth segment (with prostate gland) of 
P. vittata. C, double nerve; and D, single nerve in the XVIIIth segment (without 
prostate gland) of P. vittata. E, double nerve, and F, smgle nerve in the XVlIfth 
se^ent (without prostate glani^ of P. htlgendorfi. ant, anterior nerve trunk, 
b, blood vessel; If, large efferent fiber; pnt, posterior nerve trunk, sf, small 
efferent fiber; st, structures of cellular appearance yet unidentified 
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Text-fig 4. The comparuon of the single and double nerves between two seg- 
ments of earthworms, one of which has the prostate glwKl end the other not, showing 
mainly the efferent fibers in the cross sections, x 4fi0. A. double nerve, and B, single 
nerve in the XVUIth segment {with prostate gland) of P. opmmumuima. C, double 
nerve, and D, single nerve in the XXXth segment (without prostate gland) of P. 
commumssitna (in addition, the nerve trunks of AlloMophom fottida and ftirudo 
nipponica are drawn) E, double nerve, and F, siagie nerve in the LXtfa segashnt of 
A. foettda, X 540. G, posterior nerve trank, and H, anterior nerve trunk in the LXth 
segment of H ntppontca, x540. ant, anterior nerve trunk; b, blood veaaaU 1, 
“ Lymphspalte If, large efferent fiber; m, muscle; nf, neurofibnl; pnt, posterior nerve 
trunk; a, “sensorische SchWuche”; sf, sensory nerve fiber; mf, motor nerve fiber; snf, 
small efferent fiber; st, structures of cellalar appearance yet unidentified. 
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We further find that there is remarkable change of area especially 
on the anterior nerve trunks, when compared with that on the posterior 
nerve trunks, and the ratio between these two nerve trunks (See last 
Column in Table VIH) gives on P. communissima Oil and on P. 
hilgmdorfi 1.51 ; namely, the area of the anterior trunks is more 
remarkably infiuenced by the prostate gland. 


Table VIII. 

Area of sections of nerve trunks, 
(in square centimeters, x800). 



Single nerve 

Double nerve 

Anterior t. 

Posterior t. 

Ratio 

Am t / P(»t t 

(with prostatp' 
XVIII 

19.6 

82 

40 

0.8 

P. communtuima 

XXX 

11 

2.8.6 

16 

1 57 

P. vittata 

(with prostate^ 

jmii 

20 

84 

.36 

0.94 

P vittata 

XXX 

9.6 

23 

14 6 

1.69 

P. vtiiaia 

C without prostate) 

„ _.xvm 1 

10 

23.6 

16 

1.47 

PTKtlMendorfi j 

(.wi^Mt prostate) j 

11 

23.6 

16.6 

1.61 

P. hilgendo^ \ 

9.6 

2.3 

1 14 6 

1.69 


Change of the area on cross sections corresponds mainly to the 
content of efferent fibers (Table IX), and shows about twice as large 
in P. comnumissima and a variety of P. vittata which both possess 
the prostate gland, as in the others lacking the prostate (Compare 
Columns A, B with D, C in Table IX). From Table IX we further 
find the following differences in the number of fibers between the 
two forms of earthworms, one with prostate and the other without 
that gland: 
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Table IX. 

Number of efferent fibers in the nerve trunks of 
the XVIIlth segment. 







Double nerve 



Species 


fclc i.t 


Xnt«mor t 

Prosterior t 


Total 


Right 

l.eft j Sum 

Right 

Left 

Right 

Left 



(prostate in both sides'' 

ion 

tS7j 

100 

(.18) 

209 

146 

1.18 

122 

(44) 

1.14 

(42) 

640 

749 

P vittata 

(prostate iiihoth side' 

102 

(82) 

98 

(SO.) 

200 

Ml 

M3 

123 

(4.1) 

MS 

(43) 

620 

720 

P vittata 

(prostate in right side) 

91 

(.2.1) 

01 

(2t') 

162 

140 

74 

96 

(36; 

64 

(32) 

.174 

526 

P vittata 

(pi estate in left sidei 

58 

(22) 

101 

(31) 

169 

78 

140 

67 

(.17) 

106 

(40) 

.190 

649 

tC' 

P vittata 
(without prostate' 

00. 

(21) 

02 

(23) 

128 

77 

76 

74 

(32) i 

75 

(30) 

.101 

429 

(Di 

P hilgendorfi. 

(without prostate") 

05 

(20) 

02 

(21) 1 

127 

70 j 

76 

70 j 
(32) 

(3.3) 

287 

414 


No of fil)era of 
single nerve 
No of fibers of 
double nerve 


P communustma 
(with prostate I 

103 

146 


P htlgendorfi 
('without prostate 


difference 


65 = 38 


70 = 76 


It is also to be noted that the increase of the number of fibers 
i.s chiefly contributed to by the smaller fibers, rather than by the 
large fibers. This increase is shown in Table X, in which we find 
the increase of 11 large fibers, contrasted with the increase of 38 
small fibers. 

The fact just mentioned will suggest to us that the efferent fibers 
which innervate the prostate gland may be mainly smaller ones. In 
order to make clear that this increase in number of fibers was brought 
about by the addition of prostate gland in P. vittata, Table XI was 
made, in which the number of ganglion cells is also added for the 
convenience of comparison. 

In Table XI, the greatest increase of efferent fibers (72^) is ob- 
served in the double nerve and least in the neuropile (23 9^). When 
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Table X. 

Number of efferent fibers in posterior trunk of double 
nerve of the XVIIIth segment. 

P vittata j fibers j Smalle fibers 

With prosUte | 43 | 80 

Without prostate | 32 j 42 

Number of fibers increased I 11 j 38 

we compare tht' total number of efferent fibers with that of ganglion 
cells, we are surprised at the relatively smaller increase of the fibers, 
contrasted with the increase of cells, that is, m)% of efferent fibers 
to 124 of ganglion cells. 


Table XI. 



Number of efferent fibeis 

111 the XVIIIth seumcnl 

Number of 
Kanplion 
cells 


Neuropile 

SinKle nerve 

Doubh' nerve 

Sum 

With prostate 

.3074 

200 

620 

3704 

.3437 

Without prostate 

2487 

128 

301 

2010 

15.32 

Number of fibers 

587 

72 

21 SI 

878 

1 1905 

increased. 

23% 

1 

72% 

30% 

124% 


In short, the increase of efferent fibers caused by the presence of 
the prostate gland is not parallel with that of the ganglion cells, or 
the number of ganglion cells in the XVlll segment, which surpasses 
the total number of efferent fibers found in the neuropile, and the 
single, and double nerve together, amounts to one thousand. This 
excess of ganglion cells may be accounted for if we assume that not 
all cells send, their processes outside of the ganglion. 

3) The symmetrical relation of the number of efferent fibers as 
is shown by the right and left halves of the ganglion. 

My previous work showed that, in all the ganglia examined, the 
number of ganglion cells is almost equal on both sides In order to 




see whether or not the number of dlerent fibers is also identical in 
both halves, I have calculated these separately. As .was .anticipated, 
the efferent fibers idee the ganglion cells exhibited symmetricity in 
their numerical relation ; namely, the neuropiles as well as the peri- 
pheral nerve trunks possessed on both sides nearly the equal number 
of efferent fibers (See Table VI and IX), as the following condensed 
Table shows : 

Neuropile Single nerve. Anterior trunk. Potterior trunk. 

Right Left Right Left Right Left Right Left 

P. communissinta 1515 1502 103 106 146 138 122 134 

P. hilgendorfi 1253 1264 65 62 70 75 70 72 

In the case of the worms with asymmetrical organization, for in- 
stance, in P. vittata having non-paired prostate gland, we find that 
there exists considerable difference between the right and left halves 
in the neuropile as well as in the nerve trunks. It is also to be 
stated that the fibers are not at all increased on the side without 
this gland, while a considerable increase is -dbserved on the side 
possessing the non-paired organ (Compare the neuropiles of the right 
and left aide in Text-fig. 5, B), This fact is quite a)ntrary to my 
previous finding that under such circumstances die number of ganglion 
cells showed approximately a similar increase in both halves, though 
the increase in the side with the non-paired gland tends to be slightly 
greater, and shows not so considerable a difference as was noted ; in 


Table Xn. 

On P. vittata possessing the prostate gland in the left side. 



1 Nunther of efferent ffbers. j 

Number 

P. vittata 

Nenropiie 

Siiigie n. 

j Double nerve. 

! 

‘-Sotti j 

of 


Anterior t 

Posterior 

t 

Left side 
(with prostate) 

1505 

101 

WO 

^106 

1851 

1436 

IRiltht side 
(without prostate) 

' 1178 

68 

78 

67 

1876 

1884 

Difference 

m 

43 

62 

88 

475 

i 102 
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the increase of the fibers. 

To illustrate these relations just stated I have prepared Table XII 
in which the number 'ctf efferent ItberB in the right and left side of 
P. vittata, which p o sses s es a gland in the left side only, is given ; 
the number of ganglion cells is also added in the table. 

The increase of ganglion cells in both halves in the specimen 
with non-paired gland may be due to the fact that the fibers which 
innervate the prostate gland originate not only from the ganglion 
cells in the same side, but also from those in the other side. 

In short, the efferent fibers increase only in the side where the 
gland is attached, in spite of the fact that under such circumstances 
the gmglion cells increase in both sides {right and left). 

4) The comparison of efferent fibers along the entire length of 
the ventral cord of P. vittata. 

In ordo* to obtain some idea as to the number of efferent fibers 
in the neuropile while passing from the anterior to the posterior end 
of the body, I have calculated besides those already found (XVIlUh, 
XXXth, XLth, and LXXth segments) the efferent fibers in the IVth 
segment and ones belonging to the Cllnd segment, and the results 
are shown in Table XlII. The number of ganglion cells is also 
added in the same table 


Table XIII. 

Number of ganglion cells and efferent fillers in some 
ganglia of the ventral cord of P. vittata. 


No. of 

1 Mo. of oSereat -Abon in nemopile. 

1 No. of gBORllor 

1 cells. 

Ratio 

cell 

mgomat 

iWght 

tuif 

Modioli 

Xrft i 
holf ! 

Sum 

Right 

half 

Left 

half 

Sum 

IV 

IQ4S 

0 

1048 ! 

atm 

1108 

1058 

2166 

0.967 

xvin 

11X7 

60 

1178 

mo 

780 

604 

1474 

1.694 

XXX 

2081 

H 

1190 

2SW 

866 

658 

1124 

2,008 

ai 

671 

ta 

687 

1490 

490 

m 

982 

1.446 


LoOldRg alt Tdbie XJM, it w* be noted that the number of afferent 
fibers in the neuropile of the IVfli Begment (anterior end — See Tesetifig. 
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Text-fig. 5 Cross section of the interganglion of the ventral cord in P. vittata, 
showing the difference in the neuropilc from head (IV th segment^ to tail (Cllnd), 
x200 A, cross section in the IVtb segment. B, cross section in the XVIIIth seg- 
ment with non-paired prostate gland (the gland existing in the right side only). 
cross section in the XXXth segment; D, cross section in the Cllnd segment; dh, oorsal 
Hauptfaserzug ; If, large motor (efferent) fiber; 1, lateral giant nerve fiber; Ih. lateral 
Hauptfaserzug; m, median ^ant nerve fiber, mb, median bundle; n, neuropile; sf, 
small motor (efferent) fiber; vh, ventral Hauptfaseirug. 
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5, A) is less than that found in the other ganglia, while the ganglion 
cells in the IVth segment indicate a larger numerical value than all 
the other ganglia under consideration. On the other hand, the Clind 
interganglion (posterior end of the ventral cord) gave a lower number 
of both efferent fibers and ganglion cells than any other ganglia 
examined (See Text-fig. 5, D). 

In order to learn the numerical relation of the efferent fibers and 
ganglion cells in each segment, Table XIV was made based on the 
data given in Table Xlll. 


Table XIV. 

The numerical compartson of the efferent fibers and 
ganglion cells of the ventral cord. 


No. of spxment ] 

of P pittaat \ 

No of pfferrnl 
hbcis. 

I No of g.’infilion 1 
! < ells 1 

Ratio 

■ iv" ! 

2090 

2106 I 

0.9C7 

XVIII 

2.'?64 

IfiOa 

1.09a 

XXX 

2267 

1119 

2.010 

CII 

1420 

»S2 j 

1.440 


It is to be concluded from Table XIV that the ratio, or number 
of fibers per one ganglion cell, is largest in XXXth (See Text-fig. 
5, C), and smallest in the IVth segment which contain.s the anterior 
end of ventral nerve cord. This fact may suggest to us that the 
majority of efferent fibers originating from a ganglion in the more 
anterior segments tends to proceed towards the posterior diri'ction. 

SUMMARY. 

1. In the typical segments (XXX, XL, LX, and LXX), where 
organization is similar and simple, the numbers of efferent fibers in 
the neuropile and in the three peripheral nerve trunks are approxi- 
mately equal in the three species of Pherehma (P. communtssima 
2818, P. fUlgendorfi, 2797, and P. vittata 2456). The number of 
efferent fibers is more than twice that of the cells in the corresponding 
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ganglion ; the ratio of the efferent fibers to the gaoiglbn ceUs is in 
F. coirmumssifna 2.33, in P. hilgendorfi 2.38 and in P. vitMa 2.1S>. 

From this it seems probable that the efferent fibers of a peripheral 
nerve trunk and neuropile originate not only from the concerning 
ganglion, but also from the neighbouring ganglia, and such cells must 
also exist in the ganglia which issue two or more efferent fibers or 
bifurcating nerve fibers. 

2. As the results of the appearance in XVIIith segpnent of the 
prostate gland the efferent fibers increase con.siderably more in the 
peripheral nerve trunks than in the neuropile; that is, an increase 
of 56?/o in the single nerve and 72^6 in the double, while in the 
neuropile it amounts to only 2396. 

A cross section shows that the area of the anterior trunk of the 
double nerve indicates a greater increase than other nerve trunks. 
This increase is chiefly due to the greater increase of the area occupied 
by the generally smaller fibers. In the XVIIith segment of the worms 
with the paired prostate gland, the ganglion cells far exceed the 
number of efferent fibers contained in all the nerve.s arising from the 
ganglion. 

3. Similarly as has been already found in the ganglion cells, the 
number of efferent fibers are nearly identical in both (right and left) 
sides of the ganglion. Such symmetrical distribution of the fibers is 
found in the neuropile, as well as in the peripheral nerve trunks. 
When, however, the worm possesses a non-paired prostate gland, the 
number of efferent fibers shows a greater increase in the corresponding 
half, or asymmetrical distribution of the fibers in both halves in the 
neuropile as well as in the peripheral nerve trunks, while under the 
same circumstances approximately the same number of ganglion cells 
is found in both halves (Ogawa ’28). 

This is interpreted to mean that the fibers which innervate the 
prostate gland originate not only from the ganglion cells of die side 
where the prostate is found, but also from, those, of the other side. 

4. In Allobbophora foetida and in Hirudo mppenica it was found* 
that the number of ganglion ceils in die ventral nerve cord and thutt 
of ^ferent fibers in the peripheral nerve trunks are very mndt smdBai' 
than in any one of the three species of PhereUma. examined, but tiiv* 
ratio of ganglion cells to efferent fibers is found similar not OB^' 
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between tbe worms of different genus, but bIbo between those of a 
different order. 
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KXl lanation of plates 

PLA 1 E XXIV. 

All micruphotographs indicate the nerve fibeis m the cross section of the 
ventral cord, and the peripheral nerve trunks of P. communitstma, X240. 

1. Cross section of the ventral cord at the interganglion in the XXXth 
segment ( without prostate gland) 

Fig, 2. Cross section of the double nerve in the XXXth segment. 

Fig, 3. Cross section of the single nerve in the XXXth segment. 

Fig. 4. Cross section of the ventral lord at the interganglion m the XVIIlth 

segment (with prostate glands 

Fig 5 Cross section of the double nerve in the XVIflth segment 

Fig, 6, Cross section of the single nerve in the XVIIlth segment 

ABBREVIATION.S 


ant anterior nerve trunk. 

b, blood vessel 

dh, dorsal Hauptfaserzug 

l, lateral giant nerve fiber 
Ih, lateral Hauptfaserzung 

m, median giant nerve fiber, 
mb, median fnindle. 

mf, motor fefferentj nerve fiber ' 

n, neuropile 
nf, neurofibril. 

pnt posterior nerve trunk 

sf, sensory f afferent) nerve fiber. 

St structures of cellular appearance as yet unidentified, 
vh, ventral Hauptfaserzug 





Prehmmary Studies on the Phynolt^ ol the Pukatuig 
Blood Vessels of the Earthworms 


By 

I^OSHI Aoki 

Biologiral Institute TOhoku Imperial University Sendui Japan 
(With 9 Teat figures.) 

INTRODUCTION 

Since Home (1818) and Doges (1828) repotted m regard to the 
arculation ttnd the blood vascular system of the Annelida, there have 
been many investigators who have studied the structure of the blood 
vascular system tn Annelida But up to the present time on the 
physiology of the pulsating blood vessels few investi(.,aturs have 
reported, as far as the writer is aware A J Carlson (1908 m 
iVerew and Amiico/o), H Stubel (1909, in Lumi>ncu,s) K v Haipnir 
(1927 m Lumbnculus) and H Federighi (1928 in Arentcola) have 
studied the physiology of the pulsating blood vessels 

But facts concerning the physiological properties between the heirts 
and the pulsating dorsal blood vessel seem to me to be still imperfect 
and for this reason the writer undertook to study mainly on this point 
In regard to the anatomical arrangement of the blood vascular 
system, K N Bahl’s work (1921) furnished much information to the 
writer 

Before going further, the writer wishes to express sincere thanks 
to Dr S Hatai for his kind direction 

MATERIAL AND METHOD 

The earthworms used in the present work are only adults of two 
species in Genus Phrettma — Ph megascoltdmdes (Goto et Hatai) and 
Ph communusimu (Goto et Hatai) — which are the most common 
earthworms living m Japan They w^re collected m Sendai, and, m 
the vicinity of the city of Imaharu m Shdeoku 

Of these two species Ph, m^fxsooUdu»d& is very suitable for 
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the various observations and experiments, as its body is larger than 
the other species, and its blood vessel arc also very large. But there 
is an inconvenient point in this specie, that the observation of the 
blood vessel through the body wall is difficult on account of its thidcness 
and the large accumulation of pigments in it. Ph. communissima is 
smaller than the former, but it is very favourable for observing the 
blood vessel through the body wall. 

Method I. 

a. The earthworms were anaesthetized in 9?^ alcohol for 50-55 
minutes at the room temperature of 15-25°C. 

To observe the influence of the alcohol the following method was 
adopted. The earthworms was put into a glass tube, which had been 
cut longitudinally in half, as shown in Fig. 1, and 9% alcohol was 
poured into it ; then it was covered with a glass plate. 

The temperature of 
the anaesthetic was kept 
constant at the proper 
grade by immersing this 
tube in running water. 
Then the direction and 
frequency of the peristaltic 
waves of the dorsal vessel were observed by the naked eye or by a 
low power microscope through the glass cover with a stop watch. 
In various experiments this frequency was also counted from the curve 
obtained by the photographs which 1 shall describe separately below. 

b. To observe the influence of temperature on the blood vessel, 
a whole or a part of the body put into a dish which had been filled 
with water or Ringer’s solution. In order to raise or lower the 
temperature of this dish it was plated into a larger dish which was 
filled with water of the proper temperature. 

c. As the source of the electric current, one dry battery (Nippon 
dry battery Plate No. 2) was employed. The primary circuit was 
composed of the battiay, make and break key, primary coil of the’ 
inductorium, secondary circuit, secondary coil and platinum dectrode. 
The current passing through these circuits was used as the eleotrk' 
stimulus. 

d. In order to isolate the brain, the body wall of the head tvgion 
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was oarefuUy cut open without mjuring the dorsal vessel and then 
the brain was isolated with the pharynx. 

To exstirpate the ventral nerve cord, one part of the body wall 
was carefully incised along die dorsal line so as not to touch the dorsal 
blood vessel and separating one 
side of it from intestine as is 
shown in Fig. 2. A part of 
the dorsal blood vessel was 
then dissected out. Then keep- 
ing apart the exposed intestine 
from the ventral side of the 
body wall, the 4-5 ganglia of 
the ventral nerve cord was cut 
with a little and sharp scissors 
so carefully that the ventral 2 Dorsal vew of operated worm 

blood vessel was not injured. 

In all cases only one side of the body wall was opened so that the 
commisural vessel should not be cut off. 



A 


-dn. 
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Method II. Photographic method of tracing the peristaltic waves 
of the dorsal vessel. 

One end of the lever, which was made of straw, was placed on 
the dorsal vessel expo.sed by Method I, explained in the above, and 
the movement of the other end of the lever was magnified by the 
microscope and was traced on a photographic film by means of the 
kymographic method. (Refer to Fig. 3 and 4.) 




Frg 4 Photograt»hir traiinfc of the peristalsis of the dorsal blood 
I'asel i nder anaestbetuation 

Upper line - time in five-seconds intervals 


IHE NORMAL FREQUENCY AND THE DIRECTION OF THE 
PERISTAI^SIS OF THE DORSAL BLOOD VESSEL. 

It has been described already' by Careson (1908) that in Arenicola 
and Nereis this contration wave may, and often does, fade away m 
the middle region of the heart. In normal conditions in Lumbricus 
a contraction wave once started in the posterior end of the dorsal 
vessel traverses the whole length of it in most cases (Stubel, 1909). 
And in Lumbriculus variegatus the dorsal vessel shows higher frequency 
in the posterior region, and lower in the anterior (Haffner, 1926). 
However in my experiment it was found that within the same individual 
the frequency of the peristalsis in the posterior part of the dorsal 
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blood vessel alipost agreed with those in the middle and the anterior 
as is shown in Table 1. 


Table 1. 

Peristalsis number at three parts of the dorsal vessel. 


Mnter 

1 

1 Number of Peristatmti 

per Minute 

F’h. me^as. ' 

2rC 

1 in Anterior 

12 

1 in Mnidle 
' “l2 

j in Posterior 

1 


21.5 

19 

' 18 

! ’8 


22 j 

16 

i 16 

16 


22 , 

; ’•' 

! 16 

1 16 


In the large number of individuals employed in this experiment 
there were siworal exceptional ones in which the difference in the 
number <if peristalsis between the posterior and anterior region were 
2-3 per minute. From this fact it can be safely said that, in general, 
the peristaltic waves which start in the posterior end reach the head 
region without changing this period. This fact agrees with Stubel’s 
observation on Lumbricus. 

Also the number of peristalsis of the hearts generally agrees with 
the frequency given by the dorsal blood vessel. There are, of course, 
wide individual variations as to the number of peristalsis even within 
the same species as will also be seen fn>m Table 2. 

Table 2. 

Peristalsis number of normal earthworms. 


Sp. 

No, of Worms 
examined. 

Temp. 

Average No of 
Pens. |>er Min. 

Max. & Min. 

Ph. meKas. 

n 

20“C-2.rC 

18 

10-18 


n 

2B -26 

14 

11-17 

Ph. romm 

13 

23 -26 

21 

IC-2S 


0 

11 -14 

10 j 

9-11 


According to StDbel, the frequency in Lumbricus is 15-20 per 
minute at room temperature, while Haffner counted in Lumbnculus 
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i60-t80 per minute in the posterior part of the dorsal veasd, 24-30 (par 
minute in middle and 10-18 per minute in the anterior at 15X. 

INFLUENCE OF ALCOHOL 

Although many investigators have often used 5-7 96 alcohol as an 
anaesthetic, 996 alcohol was chiefly employed in the present experiment. 
The reason as follows: the earthworms, when they are anaesUietized 
for longer periods (70-120 minutes) in lower concentrated alcohol 
( 696 ), become very weak and are with difficulty revived, on the other 
hand when they are anaesthetized for a comparatively short time 
(45-55 minutes) in higher concentrated alcohol (996), they become, 
indeed, also weak, but they seem to recover more rapidly. 

The temperature of the anaesthetic is almost equal to the room 
temperature, 1 . e. 15-23"C. Although I have tested the influence of 
the alcohol on the dorsal blood vessel in four different periods of 
anaesthetizing ; that is, 30, 40, 50 and 60 minutes, only the influence 
of anaesthetization for 50 minutes at 15-18X will be described in 
this report. As is shown in Fig. 5, when the earthworm is put into 
the anaesthetic, the frequency of peristalsis begins gradually to decrease 
and the amplitude also becomes gradually weak. When, however, 
such an anaesthetized worm is removed from the alcohol and is placed 
on the filter paper, moist with ordinary tap water, the number of 
peristalsis increases gradually and after 25-30 minutes reaches the 
maximum number. Generally the frequency of the peristalsis at the 
maximum point is 2-4 per minute, though some cases are given 8 
frequencies per minute more than the normal case. This maximum 
rise is followed by a rapid decrease, giving a far smaller number of 
peristalsis than the normal. This decrease is again followed kff a 
gradual increase till it reaches the normal frequency. It is generally 
the case that 15-20 minutes after the anaesthetized worm is brouj^t 
out from alcohol and is on the moist paper, it begins to move botii 
ends of its body, and consequently all teats Were made before such 
movement of the body appeared. 

It was noted that the blood vessel of the worm b^ves tiomudfy 
ior 7-10 minutes, but after this period the peristaltic warns im the 
shmal vessel begings to show a reverse coune disti nctively sQ tike 
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Fig. 5. Time in minute 

posterior vegMD ; that is the psristalttc waves divided into two directions, 
lorwBr(% and «baclntardly« near the lOdi-tSdi segment from the tail 
end, while in no other part such dlutnges mte seen. But in the tiext 
vnoment in the anterior pie-ditdlum aegments the dorsal vessel presents 
die peiiataltic waves altemalively pngresaing forward and iuokwaid, 
avlnle tthe middle segion only dceeps a normal direction. Associated 
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with the irregular directions of peristalsis, the interval between each 
peristalsis shows wide variation. 

After 20 minutes ; The backward movement of peristalsis is now 
seen in the middle of the body instead of between the 10th-13th 
posterior segments. The interval between each peristalsis becomes 
more irregular. Every once m a while a stronger wave appears in 
the head region which propagates the whole length of the dorsal 
vessel to the (ail without interruption. 

After 30 minutes : The backward movement of peristalsis starts 
in the far anterior segments or near the clitellum. In the anterior 
region the wave propagates mostly backward and occasionaly forward. 
In the posterior region, the jieristalsis becomes very weak and is almost 
invisible. 

After 40 minutes ; The peristaltic waves appear only ocassionaly 
in the anterior segments which propagate mostly backward, while in 
the posterior region they become invisible altogether. 

After 50 minutes , The peristalsis of every part of the dorsal 
blood vessel becomes very weak and is almost invisible except in the 
heart proper. 

From these observations it seems clear that the reverse course of 
peristaltic waves begins at first in the tail region and then progresses 
anteriorly a.s the anaesthetic effects deepen. 

When the earthworms are brought out from the alcohol and put 
on the moist filter paper or a wooden board, it is observed that the 
first peristaltic wave appears in the head region and propagates back* 
wardly and then the empty posterior vessel is refilled with the blood. 
Subsequently the peiistalsis is established again on the whole length 
of the dorsal blood vessel, but its direction and frequency are still 
irregular. To say this more exactly, the forward movement of the 
peristalsis ceases and then backward peristalsis makes its way at any 
region, so that the movement of the peristalsis takes exactly different 
directions alternatively intervened with each other and consequently 
the interval of every peristaltic wave is very irregtilar. However the 
worms almost recover after 8-10 minutes from the abnormality of 
strength of the peristaltic waves and the interval between them and 
the normal peristalsis is fully established. 

In the worms in the course of recovery it is often observed by 
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means of the low power microscope that a large peristaltic wave is 
made of a number of very small waves, as will be seen from photo- 
graphic tracing Fig. 6. 

If the temperature of the anaesthetic 
is made too high (26-H() C), the blood 
stagnates in both the hearts and the dorsal 
vessel near the clitellum. That portion of 
the body where the vessel is filled with 
stagnat(‘d blood becomes swellen and 
exhibits an appearance of water-blistPi"s 
producing empty blood vessels in the rest. 



Fir 6 Photographu' tradnR 
of the penilalsis 


INFLUF.NCK OF TEMPERATURE ON THE PERISTALSIS 

The influence of the temperature upon the peristalsis of the earth- 
worms IS very strong as I have shown in Table 3. 

In all the subsequent experiments the temfierature was raised from 
12 C to 41 C in about 22-23 minutes and was lowered from IS^C 
to OX in about 17 minutes. 

Table 3 shows that the rate of peristalsis of the dorsal blood 
vessel was augmented with the rising temperature up till 32 C was 
reached, where the maximal rate of peristalsis is recorded. This 
maximal point is followed rapidly by decreasing peristalsis propotional 
to the further rise of temperature till it disappears at 40 C (Kefer to 
the Fig. 7). 


Table 3. 

Number of peristalsis influenced by temperature. 
(Number was counted at the middle point of body.) 




Perio 

. Number pei 

' Min. 


\^No. of Exper. 







1. 

II. 

III. 

IV. 

V. 







11. fi 






12.0 


10 



12 

12.6 

11 


11 


1 

16.0 





18 
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Table 4. 

Number of peristalsis influenced by temperature. 
(Number was counted at the middle point of body.) 



shown in Fig. 7 & 8 respectivoly. 
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TIm direction of the peristaltic waves is normal before the tem- 
perature readbes 32'’C, although the frequency of the peristalsis 
accelerates very rapidly. Beyond 32°C the peristalsis becomes gradually 
very weak, and its diradion becomes very irregular and above 39°C 
one fails to observe with the naked eye any peristalsis. The earth- 
worms invariably die at a temparature above 40°C. 

The data on the influence of Iowa temperature upon the peristalsis 
is collected in table 4. As is seen in Table 4, the frequency diminishes 
gradually as the temperature falls. Below 5°C not only the recording 
of the exact number of peristalsis is very difficult, but the direction 



F,g. 7. 


Temperature 
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Fix ^ Tempenituro 

as well as the interval of peristaltic waves become irregular. At the 
temperature of about O'C the peristalsis almost ceases (Refer to the 
Fig. 8.) 

Influence of Temperature on the Parts of the Body. 

Stubel either warmed or cooled the small portion of the blood 
vessel directly and said, “ Lokale Kalteeinwirkungen scheinen keinen 
deutlichen Kinfluss auf den Verlauf der Peristaltik zu haben.” 

However in the present experiment, as is shown in Tables .5, 6, 7 
and 8, when the body anterior to the clitellum is warmed, not only 
the rate of the peristalsis of the dorsal blood vessel and of the hearts 
in this region increases, but the tail region also shows some increase. 
But cases are noted in which the rate of {leristalsis shows initial 
increase with the quick rise but diminishes within 2-3 minutes and 
returns to the normal value. 

Warming the tail region, the resulting phenomena are almost the 
same as in the former case. 

On the cxmtrary when the part anterior to the clitellum is cooled, 
the rate of the jieristalsis of the hearts and the dorsal vessel in this 
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region decreases with the falling of the temperature, and decrease is 
noted in the tail region. 


Table 5. 

Peristalsis number of the anterior and posterior 
regions of the dorsal vessel when the anterior 
portion to the clitellum is warmed. 



1 

Peristalsis number (ler minute 

Time Min 

Temp. 

in anterior por. i 

in imsteriur por 

0 

Ifl'C ! 

18 ‘ 

17 

2 

26 

20 

20 

fi 

26 

18 

18 

0.5 

30 


21 

8 

30 

18 

18 

n 

30 

18 

18 

15 

80 

18 

18 


Table 6. 

Peristalsis number of the anterior and . posterior 
regions of the dorsal vessel when the 
tail region is warmed. 


Time Min 

Temp. 

Peristalsis 

number per minute 





in anterior 

por. m posterior por 

0 

21'’C 

17 

! 

1 

26 

1 18 

23 

4 

26 

23 

23 

6 

.30 

1 

26 

0 

.30 

24 

1 24 

12 

30 

24 

j 24 
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Tabi£ 7. 


Peristalsis number of the anterior and posterior 
regions of the dorsal vessel when the anterior 
portion to the ditdlum is cooled. 


Time Min 

Temp. 

1 Peristalsis number per minute 

in anterior por. 

in posterior por. 

0 ! 

19“C 

20 

90 

2 

13.6 

13 

IS 

6 

13.B 

0 

11 

7 

18.6 


9 


Table 8. 


Peristalsis number of the anterior and posterior 
regions of the dorsal vessel when the 
tail region is cooled. 


Time Min. 

Temp 

1 Peristalsis number per minute 

! in anterior por. 

in posterior por. 

0 

19*C 

' 14 ! 

16 

1 

IS 

12 

10 

4 

13.. 3 

1 12 

10 

10 

13.8 

12 

12 

14 

14 

14 

14 

18 

14 

: 1 

14 


SOME PHYSIOLOGICAL PROPERTIES OF HEARTS 
A\D DORSAL BLOOD VESSEL. 

The following observations were made to discover whether or not 
peristalsis of the hearts behave similary or differently under the varied 
conditions from that of the dorsal blood vessel 

Experiment I. A. (Material is anaesthetized.) 

If the blood flow into a heart was prevented by fastening its apper 
part with a silk thread, we noted that the heart continued peristalsis 
faintly, though the direction of the blood flow was too indistinct to 
be determined. It was further noted that if the low^ part of the 
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heart was fastened, the identical results were obtained. 

Experiment I. B. 1. (Material is not anaesthetized.) 

When the middle point of the body was bound with thread, the 
direction of the peristalsis was disturbed and at first it propagated 
forward in the proximal half and badcward in the distal half with 
normal frequency. Instead of binding only the middle point of the 
body, if two points including ten segments were bound, then, in these 
ten segments between the two bindings, the peristaltic waves progressed 
forwardly then backwardly. In the anterior of the anterior f&stening 
the peristalsis progressed forwardly while in the postira^r of the 
posterior fastening, it progressed badcwardly. But such confusion of 
the direction of the peristalsis is temporar and the body as a whole 
soon recovers its normal direction with normal frequencies, including 
the ten bound segments. 

B. 2. (Material is anaesthetized.) 

If instead of binding with thread round the body of the worm, 
two points of the dorsal vessel itself are bound so as to make the 
blood flowing in the region bound to be intercepted from the general 
dorsal circulation, then this bound region becomes empty, and shows 
no peristaltic waves. After a short while this region is refilled 
gradually with Wood by inflow from the cummisular vessels which 
are connected with the ventral blood ves.sel, and then the peristaltic 
waves appear from the posterior to the anterior, though their frequency 
is not regular. Thus the contraction waves within the bound region 
do not subsist longer and a .state of relaxation appears sooner or later 
producing entire disappearance of peristalsis, though all other parts 
of the vessels show normal peristalsis. 

If two points of the dorsal blood vessel are made to contract 
strongly with any stimulation, these two points remain ointracted for 
a longer period. While the contraction remains, the vessel behaves 
the same as in the case of binding of the dorsal vessel. 

Experimeilt II. A. (Material is anaesthetized.) 

In both the anterior and posterior part of the dorsal and ventral 
vessdb were bound logger at two points, so as to include the hearts 
and dcMtul and veatrd vessel^ in the 6-9 segments, during the first 
five minutes the peristalsis of the hearts and the dorsal vessel included 
between the two bindings, were regular and the direction of the 



732 


K . AOKI 


peristalsis also was normal. But later the peristalsis becomes irregular, 
now forward and then backward in the dorsal vessel and, similarly, 
now ventralward and then dorsalward in the hearts. The frequency 
of the peristalsis became very irregular. Such alternations as these 
just stated were soon followed by feeble pulsation as well as by 
diminished frequency in both the dorsal blood ve.ssel and the hearts. 

B. (Material is anaesthetized.) 

When the blood flow of all the hearts was intercepted by electrical 
stimuli being given to both ends of each heart in quick succession, 
it was ob.ser\'ed that for a short time the peristalsis of the dorsal 
blood vessel was normal in dmection, in frequency and in strength. 
But this regularity did not continue for a long time, and relaxation 
was gradually induced on the ventral vessel, and the peristalsis was 
seen no longer. 

Experiment 111 

The test was made to observe the behavior of an isolated heart 
or a dorsal vessel in Rini'.Er’s solution. The results are given in the 
following protocols. 

A. (Material is anaesthetized.) 

One of the hearts was isolated at the place where it was joined 
to the vessels, with scissors, and was placed into Ringer’s solution. 
Owing to the contraction of lioth ends the blood usually remains 
within, and the heart continues to pulsate with fair regularity at the 
room temperature ( 16-20 C). 

There were few cases in which the isolated heart did not pulsate 
at the same temperature, though it began when the temperature was 
raised to 20-24 C. The activity of the isolated heart seems roughly 
to be temporarily propotional to the temperature of the medium, due 
probably to slight differences in the physiological state of the heart 
itself as well as in the Ringer’s solution used at different times. 

B. (Material is not anaesthetized.) 

Although a part of the dorsal vessel which attaches to the oeso- 
phageal region can easily be isolated, isolation without injury of the 
vessel on the intestine is very difficult, if not impossible. To obtain 
at the best the latter preparation, the intestinal wall with the dorsal 
vessel on it was cut off carefully and each comer of the intestinal 
wall was pinned on a gum plate, as is shown in Fig. 9. The blood 



PULSATING BLOOD VESSELS OF EARTHWORMS 


733 


vessel together with the intestine thus pre- 
pared IS put into Ringer’s solution for 
observation. If the temperature of the 
Ringer’s solution is 16-20'‘C, the isolated 
dorsal vessel exhibits peristaltic waves in a 
fairly regular manner. At lower than 16"C 
the activity of the vessel becomes very weak, 
and often the peristalsis is not seen at all. 

Cases were found in which the vessel showed 
no peristalsis at 16-20 C, but if the tempera- 
ture was raised up to about 24 ’C, peristalsis 
began gradually to appear. 

The influence of the temperature upon the activity of the isolated 
dorsal blood vessel thus prepared was almost the same as had been 
found on the isolated heart. 


Fig 9. 


CWMo/MM/t-nn/ 





Table 9. 


Number of peristalsis of isolated heart and dorsal 
blood vessel per minute. 






II 

III 

IV. 

Time Mm 

Temp of 

Solution 

•cI-S 

Temp of 
Ringer’s 
Solution. 

'H.M. 

al'o Sw 

Temp of 
Ri.vcer’s 
Solution 

Pens. .No 
of Heart in 
13th Seg 

Til 

Pens No 
of Heart in 
13 th Seg 

0 

i7°{: 

2.n 

17 C 

- 

17*0 

weak 

IT'C 


6 

20 

24 

10.6 

weak 

10.5 

26 

10 

weak 

10 

21.. T 

21 

22.6 

weak 

22.6 

28 

21.5 

. 3.3 

16 

21.7 

IK 

2.3 

28 

23 

23 

2.3 

.36 

20 

2 : 1.2 

26 

22.6 

21 

22.6 

14 

24 

26 

26 

23 

26 

21.6 

irregular 

41.6 

10 

2.3.6 

26 

»<) 

22 

21 

31 

16 



22 

irregular 


It was noted that the contraction induced by various kinds of 
stimuli so far tested on the f>earts and on the dorsal vessel was never 
transmitted beyond the immediate locality where the stimulus was 
applied, while the cojitraction waves produced spontaneously, or, in other 
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words, the contraction induced by the innate stimulus, can pmpagate. 

INFLUENCf: OF THE CENTRAL NERVOUS SYSTEM ON TtfE 
PERISTALSIS OE THE BLOOD VESSELS. 

To determine whether or not the central nervous system controls 
the peristaltic movement of the hearts and the d<wsal blood vessel, I 
undertook the following experiments. In one experiment, the behavior 
of the vascular peristalsis was observed after exstirpation of the brain 
or a part of the ventral nerve cord, and in the other, it was observed 


Table 10. 

Influence of exstirpation of a part of the ventral nerve cord 
on the number of peristalsis of the dorsal vessel 


Exper No 

Materials 

No. of Peru before 
Exatirp per Min. 

No of Pens, after 
Exatirp. per Min 

1 

Ph comm 

» 

8 

2 


11 

11 

S 


12 

13 

4 


IS 

16 

6 


10 

10 

6 


15 

15 

7 


16 1 

16 

Average 

12 

IS 


Table 11. 

Influence of exstirpation of the brain on the number of 
peristalsis of the dorsal vessel. 


Exper No. Materials 

No of Peris, before 
Exatirp. per Min. 

No. of Pens, after 
Exstirp. per Min. 

1 1 Ph. comm. 

12 

12 

2 1 

16 

16 

3 „ 

16 

14 

4 

12 

IS 

6 

12 

12 

6 

18 i 

16 

7 

16 

16 

8 ! 

21 

21 

Average 

16 

14 
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by stimulating the ventral nerve cord of the intact earthworms. 

It was found that after the exstirpation of the brain or a part of 
the ventral nerve cord, the frequeni^ of the peristalsis was identical 
in 11 cases and higher or lower in 4 cases, as compared with the 
original number (See Tables 10. & 11.). 

While in the case of stimulating the ventral nerve cord the peri- 
stalsis of the dorsal vessel was irregularly increased or deo^ased as is 
shown in Table 12. But irt both cases mentioned above the direction 
of Uie peristalsis was not visibly altered eitho* by stimulation or by 
exstirpation. 


Table 12. 

Peristalsis number of the dorsal vessel influenced by electric 
stimuli given on the ventral nerve cord. 



But according to Carlson (1908), in Nereis the peristalsis of the 
dorsal vessel In the intact animal is much more variable than after 
the exstirpation of the ventral nerve cord and stimulation of the ventral 
nerve cord with a weak int«rupted current exhibits the oesophageal 
heart in diastol while the rata and strength of the peristalsis of the 
dorsal vessel is augmented. StObel (1909), on the other hand, reports 
■tihat the earthworm from which a part of the ventral nerve cord has 
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been exstirpated, neither exhibits change in the movement of the 
dorsal blood vessel, nor in the frequency of the contraction in both 
anterior and posterior regions of the operated region as compared 
with those given before experimentation. Similarly, that a strong 
induction current applied to the ventral nerve cord shows no influence 
on the peristalsis of the dorsal blood vessel. 

As to my own observations, given above, I wish to state that the 
results need to be further verified with more satisfactory method, as 
the technic given in the present report is admittedly imperfect in 
photographing the movement of the lever, and I therefore reserve the 
final opinion as to the nervous control over the fieristalsis of the dorsal 
blood vessel to the near future. 

GENERAL REMARKS. 

The results so far obtained seem to show that the physiological 
properties exhibited by the hearts and those exhibited by the dorsal 
vessel are almost identical with one possible exception, that the activity 
of the former appears to be somewhat stronger than that of the latter. 
It was noted in the experiments given in the above that the hearts 
and the dorsal vessel may pulsate independently of each other (Ex- 
periment III. A & B) and further more that the peristaltic wave does 
not originate from the deflinitc center but may originate from any 
place on the hearts and the dorsal vessel (Experiments I. II. III.). 
What is the impulse which induces the contraction waves on the dorsal 
blood vessel and the hearts and propagates normally in one direction 
only, can not yet be told from the above experiments. However one 
point is clearlj established, that the peristaltic waves are to be induced 
whenever and whereever the blood is contained within the vessels. 
Stubel (1909) has shown that in the wall of the dorsal vessel and 
the hearts are found peripheral nervous plexus which consist of nerve 
fibers and cells and they anastomose with each other. It seems there- 
fore reasonable to suppose from the facts just given that the peristaltic 
waves which are once established by some as yet unknown stimulus 
may propagate through the activity of these nervous elements which 
lie in the vessel wall. 

The evidences so far obtained in regard to the relation between 
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the vascular system and the nervous system seem to show an existence 
of some nervous control over the peristaltic behavior these vessels, 
but unfortunately the technic empolyed is not entirely free from defects 
and I therefore reserve this question to the near future. 

SUMMARY 

1. In the normal earthworms the peristaltic waves once started 
in the posterior end of the dorsal vessel traverse the whole length of 
the vessel, while those in the hearts traverse from dorsal to ventral. 

This normal frequency shows 10-18 per minute at 20-33’r, 11-17 
per minute at 23-26T in Ph. megascolidioides ; 16-28 per minute at 
23-26 C, 9-11 per minute at 1I-14 ’C in Ph. communussima. The 
anterior, middle and posterior parts of the dorsal vessel exhibit almost 
the same frequency. 

2. While under the influence of anaesthetic with 9% alcohol for 
50 minutes the frequency of the dorsal vessel and the heart decrease 
gradually and the direction of the peristaltic waves becomes irregular 
till they grow too feeble to be noticed with the naked eye. However, 
when the worm at such state was brought out from the alcohol, the 
frequency increased gradually to higher than at the normal state. 
This was followed first by a decrease, then by an increase till it 
approached the initial number at a room temperature ranging from 
IST to 23 'C. 

3. The frequency of the peristalsis of the dorsal vessel in the 
normal earthworm increased or decreased in propotional to the rising 
or falling of the temperature. The frequency seemed to cease at 
about 0 C ; but below 5 C, the exact number could not be recorded, 
and it reached the maximum at about 32'’C, which was followed by 
decrease till it ceased at about 40“C. 

The direction and the activity of the peristalsis became very irregular 
and weak beyond 32 ’C. If the anterior portion alone (proximal to 
the clitellum) or the posterior portion alone was warmed or cooled, 
the frequency increased or decreased correspondingly. 

4. The dorsal vessel or tl\e heart, if bound at one or two parts, 
produced a transient confusion on the peristalsis, but it soon recovered 
the normal frequency and strength. 
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Even when the blood flow passing through die hearts was prevoited 
by artificially inducing the contraction of the hearts, the dorsal vessel 
showed peristalsis. 

The isolated heart and a piece of the dorsal vessel continued to 
pulsate fairly regularly in Ringer’s solution at 16-20“C. 

5. The peristaltic waves do not originate from a definite center, 
but may arise spontaneously from any part of the heart or the dorsal 
vessel. 

The experiments so far carried out show that functional differentia- 
tion of the hearts compared with that of the dorsal vessel can not 
be noticed. 
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t%ysiological Studies on Drosera. 

U. On the Effect of Qiunine and Atoxyl on Pepsin. 

By 

Kunio Okahara. 

Biological Inititute, TAhoku Imperial University, Sendai. 

(With 8 text-figures). 

1. INTRODUCTION. 

In my former paper (1930) it is reported that, in respect to the 
optimum acidity, the temperature and the products of digestion, Dro- 
aern-enzyme closely resembles pepsin. In this connection, to know 
whether they are identical or not, a study was made, in the first 
place, on the effect of poisons on the enzymes, just as Rona and his 
co-woricers (1924, ’27) and many others have investigated this effect 
on lipase, esterase, etc. As almost all the experiments on record in 
regard to the action of poisons on pepsin were carried out long ago 
and there are only a few, which have been made since Rona, as 
for instance Smorodinzew’s (1924, ’25, ’28) and others’, these results 
are not comparable to each other. On this account it is diificult to 
use our knowledge of pepsin on this point as a criterion to determine 
the result on OnMera-enzyme. So these studies on the effect of poisons 
on pepsin were made in the hope that they may throw some light 
(Ml Uiis question. 

In these experiments, quinine-hydrochloride and atoxyl were used 
as poison, and the effect of these poisons on pepsin was examined 
under various conditions. 

II. EXPERIMENTAL WORKS. 

A) The Method of Experiment. 

After several preliminary examinations I adopted the nephelometric 
method as the most satisfa<:toiy one. In a given volumetric flask, 

DContributiont from the Mt. Hekkada Botaoical Laboratory. No. 5 
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protein, enzyme and poison were mixed, and then immersed in a 
water bath; after being warmed for some given minutes, a given 
quantity of the digestive liquid was taken out, poured in a given 
volume of cold water as soon as possible and made turbid by the 
reagent. The degree of turbidity was, observed by means of Kober’s 
nephelometer. Care was taken to let the digestion proceed in such 
a way that it would allow observation of the digestion even after 
alxiut one hour. 

Though usually the nephelometric method has been applied for 
researches of the proteolytic enzyme, a few faults, both theoretical 
and practical, are pointed out by BEtHHOi.D (1922). Care was given 
to decreasing these faults as much as possible, so that in my experi- 
ments the method proved itself to be very satisfactory and the results 
were always the same for each definite case. 

The enzyme used in the experiments was 0.29^ pepsin solution 
(Pepsine Scales Merck), and to test the enzyme action generally 
0.1 9^ edestin solution containing 0.4 9^ hydrochloric acid was prepared, 
and to cause turbidity 40^4 solution of sulfosalicylic acid was used. 

The edestin solution and distilled water were respectively put in 
a flask and warmed in water of 39"C for more than 20 minutes, and 
a little later a 50 cc. volumetric flask which contained one cc. of 
pepsin solution and 4cc. of water was warmed at the same tem- 
perature. Then 25 cc. of edestin solution and 20 cc. of water were 
taken with pipettes into the flask and the mixture was shaken and 
left in the water bath at 39°C. After 5, 15, 30, 45 and 60 minutes, 
counting from the time of mixing of each solution, 5 cc. of this 
digestive liquid was taken out. 15 cc. of cold water was then added 
to it and it was mixed with 0 5cc. of 40 ^ sulfosalicylic acid to cause 
turbidity. 

Though the experiments were made under various conditions, the 
temperature and concentrations of edestin and enzyme solutions were 
always the same as those above mentioned. Moreover when the 
solution to be examined contained poison, the solution which contained 
also the same concentration of it was taken as the standard, in order 
to eliminate any optical error which might be caused by the presence 
of poison. Such a muddy solution endured usually 3 5-4 hours with- 
out change. 
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In general an alkaloid, such as quinine, is precipitated by sulfosali- 
cylic acid, so that in using this acid it is reasonable to question whether^ 
the poison may be precipitated together with the protein, and thus 
cause an error in the observation; but no such effect was found, at 
least in the concentrations «>f quinme-hydrochloridc here used. 

B) The Preliminary Experiments. 

To determine whether the turbidity caused by suKosalicylic acid 
goes parallel with the quantity of protein contained in the solution 
or not, I tried the following experiments. 

Experiment /. 

5 cc. each of 0.025 and 0.01 25 edestin solution, of which 

the acidity was the same, were poured into 15 cc. of cold water; 
then to each of them 0.5 cc. of 40?^ suKosalicylic acid was added to 
cause turbidity. The turbidity was determined in comparison with 
that of 0.0596 (the height of liquid was kept at 10 mm.), or of 0.02596 
(the height of liquid was kept at 20 mm.) edestin solution. 

Table I. 


No 


Concentration of edestin solutions. 


0.06« 

0.026?i 

0.0125% 

1 

0.06^^ edeitin soluUuni 
the height of the liquid 
^ 10 mm. 1 

lo.o' 

isT.o' 

42.6 

2 

0.026;^ edestin solution , 

1 the height of the liquid 
20 mm. 

0.8 

20.0 

40.2 

1 


The results in (1) fluctuate more than those in (2), so that in 
the following experiments 0.02596 edestin solution is always taken and 
the height of the liquid column in the nephelometer was kept at 
20 mm. 

Experiment 11. 

I compared solutions which were digested for 30 or 45 minutes 
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with quinine-hydrochloride or atoxyl to the standard solution which 
did not contain these poisons. (2 and 3). As the control, I used the 
solution to be examined and a standard-solution neither of which 
contained poisons. 


Table II. 

The order of additions; (Pepsin 4- Edestin'' + Poison. 




1 Time of observation (minutes) 

No 

Solution. 

IKK 

46' 



mm. 

mm. 

1 i 

Control 

24.8 

83.1 


1% Quinine* 

25.9 

.86.6 

3 ! 

1 "i Atoxyl * 

27.1 

88.6 


* The per-cent of poison means the concentraUon of it after the completion 
of the mixture of the solutions under question And quinine denotes quinine- 
hydrochlondc The same remark applies to all following tables. 


Experijnent III. 

The solution to be examined which contained poison was compared 
to the standard-solution with the same concentration of it. 

Table III. 


1 

No. 

Solution 

1 Time of obsnrvation. (minutes). 

8(K 

46' 

1 

Quinine 

23.4' 

29.^ 

2 

Atoxyl 

27.S j 

38.3 


From Table II it may be seen that quinine-hydrochloride accelerates 
the digestion, but we may find that this result was rather due to tile 
standard solution itself which did not contain the poison, as is evidenty 
shown in Table III. 

When I used the standard solution containing quinine, the digestion 
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was noticed to be repressed. Therefore in order to be free from 
any optical error because of quinine-hydrochloride in the observation, 
it was necessary that the salt be also contained in the standard solution. 
In the case of atoxyl there was no such effect, but I also mixed it 
HI the standard solution, whenever the solution to be examined con- 
tained it. Moreover the standard solution was renewed in each case. 


C) 'Fhe Effect of Quinine. 

Some investigators have reported that the addition of quinine- 
sulfate or hydrochloride in a certain concentration causes the repression 
of digestion, for example quinine-sulfate in 0.5 (Cittenden, 1886), 
quinine-hydrochloride in 1 9^ (FuJlTANi, 1905) and quinine-hydrochloride 
in 0.20-0.7594 and quininesulfate in 0.15-0.7594 (Ascher, 1908). 
On the other hand, I.AQUEUR (1906) found that, in 0.001-0.694, with 
quinine the digestion was accelerated while in the 0.894 solution no 
effect was evident. Recently Smorodinzew (1925) reported that, in 
0.000009-0.294 solution, the addition of quinine-hydrochloride, ciuinine- 
hydrobromide, quinine-dih 3 ^robromide, quinine-sulfate and of quinine in 
a free state neither accelerated nor repressed the digestion. As such 
was the stand of our current knowledge on this question, further 
studies were in every way desirable. So experiments were made 
under various conditions to determine the effect of quinine-hydro- 
chloride on the enzyme. 

Since the order of addition of eni^mc, protein and poi.son has an 
effect upon the digestion (Okahara, 1930), it was taken into con- 
sideration in this study. In this point may be found one of the 
reasons of difference between almost all the results of forgoing re- 
searches and my own. But in the control which did not contain 
poison in the solution to be examined, in spite of the different order 
of addition, no effect was noticed. 

Experiment IV. 

(o) The ordtr of addition. (Pq>sin-fEdestin)-i- Quinine. 

The concentration of quinine-hydrochloride was 194, 0.194 or 
0.00194. (Table IV and Fig. 1). 
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Table IV. 


No. 

Solution 


Time of observation, (minutes). 


5' 

16' 

30' 

46' 

60' 



mm 

mm 

mm 

mm. 

mm. 

1 

Control 

32.7 

17.2 

26.0 

38,0 

43.6 

2 

1 Quinine 

12.7 

16.7 

2<1.4 

29.9 

.87.9 

a 

O.lf, 

12.6 

17.1 

24.6 

.83.6 

43.6 

4 

O.OQlfi „ 

12.9 

I 17.4 

26.0 

.88.2 

42.8 



Time 

Fig 1. The order of addition. (Pep«n+Edestln)+Qujnme. 

\^/o quinine-hydrochloride showed a tendency to repress the diges- 
tion, while in a weaker concentration than 1 no effect was evident 

Experiment V. 

(h) The order of addition. (Pepsin + Quinine) -f- Edestin. 





PHYSIOLOGICAL STUDIES ON DROSEUA. II 


745 


Table V. 


No i 

Solution. 

1 Time of observation, (minutes) 

li' 

16' 

.TO' 

4:/ 

60' 



mm 

mm 

mm. 

mm 

mm 

1 

Control 

12.4 

17.1 

25.1 

;!2.5 

43.1 

2 

1% Quinine 

12.6 

16.7 

23.6 

251.6 

.37.7 

a 

0A% 

12.7 

17.2 

25. .3 

33.0 

42.8 

i 

0.001« 

12.4 

17.0 

26.3 

.32.8 

4.3.0 


The result is identical with that of Experiment IV. So it may 
be justified to conclude that the order of addition, as between (a) 
or {h), has no effect upon the digestion. (Table V and Fig. 2). 

Experiment VI, 

After the quinine had acted on the pepsin for some given minutes 
at 39°C, edestin was mixed with them. 


Table VI. 


No 

Solution. 

Time of observation, (minutes). 

6' 

15' 

.30' 

45' 

60' 



mm 

mm 

mm 

mm 

mm 

1 

Control 

12.4 

17.1 

25.6 

.32.5 

41.1 

2 

1 Quinine 

12.6 

16 7 

23.6 

29.6 

.37.7 

3 

If.' .. (30')» 

10.4 

11.6 

13.9 

16.4 

18.9 


Ifi (60') 

10.3 

11.1 

11.6 

13.7 

1,3.9 

6 ! 

1?4 „ (800 

10.3 

10.6 

11.3 

11.8 

12.2 

« 

O.lftf „ (600 

10,6 

11.2 

12.3 

13.7 

15.2 

7 

O.OOlfi (60') 

12.6 

15.7 

2;{.4 

29.3 

.37.0 

« * 

0. 00001 f4.. (80') 

13.6 

16.5 

24.3 

32.8 

43.5 

0 

Water (80') 

13.4 

17.2 

26.0 1 

.32.4 j 

43.6 


* The number in parenthesis shows the time in mm., after which the edestm 
was added. 


When, in 0.001-1 9 ^ solation, quinine-hydrochloride first acted on 
pepsin for 60 minutes, the digestion of edestin afterward added was 
repressed. In 0.1-1 96 solution of quinine-salt, the repression was of 
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6' 15' MK 46' ey 


Fig 2 The order of addition. (Pepsin+Quinine)-)-Edestin. 

almost equal grade (Nos. 4 and 6), while in 0.00] o/o it was remarkably 
weak and in 0.00001 no more evident. From this result it is 
conceivable that the pepsin is attacked by quinine-salt in the proper 
dose of the latter, while the protein may protect the pepsin against 
decomposition by the quinine-salt. (Table VI and Fig. 2). The next 
experiment is in accord with this conception. 

Experiment VII. 

(c) The order of addition. (Quinine -F Edestin) -f Pepsin. 

Table VII. 





Time of observation. 

(minutes). 




S' 

16' 

' HO' ' 

46' 

W' 

1 

Control 


W?7 

2l?4 

82.4 

mm. 

48.0 

2 

i;£ Quinine 

12.3 

16.9 

24.7 

32.6 

48.6 

3 

0.01% „ 

12.2 

16.9 

24.6 

82.8 

43.4 
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Time 

Ftf[. 3. The order of addition. (Quinine-t Edeatui)+Pepisin. 

In this case there was no effect of the poison on the digestion. 
(Table VII and Fig. 3). 

In Experiment IV, even if the pepsin and edestin were first mixed, 
these two may not have combined with each other, and the quinine- 
hydrochloride which was last added may have combined with the 
pepsin and combatted its action. In other words, the combination of 
pepsin with quinine is stronger than that of edestin with pepsin. 
For this reason the same result as from Experiment IV may be 
produced from Experiment V. But when edestin and quinine are 
mixed at first and pepsin is not present (Experiment VII), the protein 
may protect the pepsin from the action of the quinine. 

Experiment Vlll. 

The concentration of quininehydrochloride was 0 . 1 96 and the 
quantity of hydrochloric acid in the edestin solution was deminished 
in a corresponding degree and the acidity of the mixture kept the 
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same as in the above experiments. Results are given in Table VIII 
and Fig. 4. 

The order of addition. (Pepsin f Quinine) + Edestm. 


Table VIII. 





Time of observation 

(minutes) 




a' 

1 

ao' 

46' 

! ew 

1 1 

Control 

11?6 

15?2 



:n?2 

;i 1 

1 Quinine 

n..i 

li.6 

•20.2 1 

26.4 

1 .'rLd 


\% „ fSOO* 

U.:i 

14.6 

1«.0 

24. ;i 

29.9 


*The number in parenthesis shall be understood in the same sense as in 
Table VI 



Time 


Fig. 4. The 


order of addition as in Fig. 2, Quinine acidified. 
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Even in this case repression occured, though it was weaker than 
that in Experiment VI. In the form of quinine-salt, the power of 
repression is weak but not completely destroyed. 

D) The Effect of Atoxyl. 

The effect of arsenic compounds on pepsin has been investigated 
by many authors. Schafer (1872) found no effects in 0.2-0.4'^ 
arsenic acid; later, Cittenden and Allf.n (1886) found that the 
digestion was slightly accelerated in OJl-0.5^ arsenic acid and in 
0.2-1 % arsenious acid, while in 2-1096 arsenious acid, it was repressed. 
In 1908, Aschf.r found the repression of digestion in 0.125-0.25 "^6 
atoxyl solution. Pincussohn (1908) found that there was repression 
of digestion in the concentration of 1/500-1/3000 parts of 2096 
colloidal arsenic, but that in 1/60000 there was no effect. Further, 
Smorodinzew (1924) showed that Na*HAsO,, K,HAsO<, and NajHAs 04 , 
in the concentration of higher than N/40, repress the digestion, while 
in N/80-N/ 10240 they have no effect. 

Experiment IX. 

(a) The order of addition. (Pepsin + Edestm) + Atoxyl. 

Table IX. 


No. 

Solution. 

1 Tune of obiiervation. (mioutcs) 


15' 

30' 

45' 

50' 

60' 

1 

Control 

12™ 

n"? 


35.2 

T 

44"!! 

2 

Atoxyl 

12.7 

18.7 

27.7 

40.2 

45.2 

- 

3 

0.\7i n 

12, .3 

17.6 

2.5.2 

.35.6 

- 

41.6 

4 

O.OOlfi... 

12,4 

17.2 

25.4 

;i5.4 


44.6 


In 1 96 atoxyl the digestion was accelerated, but in a weaker con- 
centration there was no effect. (Table IX and Fig. 5). 






As may be seen from this result, when pepsin and atoxyl were 
first mixed, as well in 1?^ as in 0 . 1 96 atoxyl, the digestion WM re- 
pressed. (Table X and Fig. 6). 







In the 196 solution of Atoxyl a remarkable acceleration occurred. 
(Table XI and Fig. 7 ). 

In the case where the addition of edestin was the last, the diges- 
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Time 

Fi(j 7. The order of addition. (Edestin+Atoxyl)+l*epsin. 

tion was repressed, but when atoxyl and edestin were first mixed 
acceleration of the digestion was noticed. From these experiments it 
may be concluded that the repressing action of atoxyl on pepsin is 
not only eliminated by the presence of protein, but also that atoxyl 
can accelerate the action of pepsin according to circumstances. 

Experiment XII. 

In this experiment, atoxyl v/as used relatively to the acidic con- 
dition,* to determine whether a difference of these conditions affects 
the action of atoxyl on pepsin, as it is rather probable that the 
dissociation of atoxyl depends upon the reaction of the solution. The 
order of addition was the same as in Experiment X, but the pepsin 


^As Htoxyl in a solution is pivcipiuted by the addition of hydrochloric acid, 
the poison was previously warmed and the® mixed with pepsin which was acidified 
with hydrochlonc acid. 
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solution was acidified with hydrochloric acid and the acidity of the 
edestin solution itself was diminished to a corresponding degree. 
Results are given in Table XII and Fig. 8 . 

Table XII. 


No 

Solution. 1 

Time of oliservation. (minutes). 

6' 

ir/ 

SO' 

43' 1 

60' 

1 

Control 


^”7 


mm. 

30.6 


2 

Atoxyl 

12.2 

16.6 

22.8 

.31.0 

40.8 



Fig. 8 . Thr Mine order of eddiUon as in Fig. 6. Pepsin acidified 


The. result from the mixture with 1 96 atoxyl was different from 
that of the former experimeht and there was no effect by the addition 
of atoxyl. Further studies are necessary in any case to settle this 
problem conclusively. 
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III SUMMARY. 

1) In connection with the result of experiments which were carried 
out to determine the property of the proteolytic enzyme of Drosera 
rotundifolia, the effect of quinine-hydrochloride and atoxyl on pepsin 
was studied. 

2) The effect of quinine-hydrochloride. 

a) The order of addition. (Pepsin -f- Edestin) 4- Quinine. 

In 1 96 quininehydrochloride, the digestion was repressed while in 
0.001-0.1 % solution no effect was evident. 

b) The order of addition. (Pepsin -I- Quinine) + Edestin. 

In 0.19^-194 solution, the result was almost the same as that of 
(a). But when edestin was added after the quinine had acted on 
the pepsin for a given time, even in its comparatively weak concentra- 
tions the digestion was clearly repressed. 

c) The order of addition. (Quinine 4- Edestin) -I- Pepsin. 

0.1-19^ quinine-hydrochloride solutions show no effect upon diges- 
tion. 

d) Quinine-hydrochloride acidified with hydrochloric acid was 
tried in the same order of addition as in (b). In this case the re- 
pression was weaker than in (b). 

3) The effect of atoxyl. 

a) The order of addition. (Pepsin -f Edestin) + Atoxyl. 

In 0.1-1 9 ^ atoxyl solution, the digestion was accelerated while in 
0 . 0019 ^ solution no effect was evident. 

b) The order of addition. (Pepsin4 Atoxyl) 4- Edestin. 

In 0.1-1 9 ^ atoxyl solution, the digestion was repressed while in 
0 . 001 9 ^ solution there was no effect. 

c) The order of addition- (Edestin 4 Atoxyl) 4- Pepsin. 

The result was the same as in (a). 

d) When pepsin was acidified and the atoxyl and edestin 
were mixed in the same order as in (6), the digestion in the solution 
with 19 ^ atoxyl was neither accelerated noI^^repr 9 Ssed. 

I take this opportunity to thank Prof. Dr. Y. YAMAGim tnost 
sincerely for his kind help ; and also Prof. Dr. K. Inoute of tiie 
Medico-chemical Institute of the Medical Faculty of this University 
for his help and criticism during the progress of dus researdi. 
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Mitosen im keimenden Embryo von Sargassum 
Homeri (Turn.) Ag. 

Von 

Sakuichi Okabe. 

Biologisrhes Institut dtr Kaiserlirhcn Tfthoku Universital. Sendai 
fMit Tafel XXV-XXVl). 

Im vorigen Jahre habe ich eine Mitteilung iiber die Vorgange der 
Reduktionskemteilung im Oogonium von Sargasmm H<*meri publiziert. 
In einem wichtigen Punkt ist mein Resuhat ganz verschieden von dem 
eines friihren Forschers, Kl'NiEDA. Ich konnte namlich mit Sicherlieit 
bei der Reduktionsteilung 32 haploide Chromosomen zahlen, wahrend 
Kunieoa nur etwa 16 ( hromosomen bei derselben Teilung bemerkte. 

Um die Karyokinese dieser Alge noch naher zu studieren, begab 
ich mich in diesem Fruhling wieder nach Misaki, m die Biologische 
Station der Kaiserlichen Tokyo-UniversJtat. Ich fixierte Antheridien 
und junge Embryonen von Sargassum Homert reichlich mit verschie- 
denen Chromessigosmiumsaurehisung, aber es war sehr schwer, eine 
gute Kernfixierung zu erhaUen. Da mir eine liefriedigende Fixierung 
der Antheridien diesmal nicht gelang, bin ich hier leider nur imstande, 
einige Angaben iiber die somatische Kcrnteilung in den jungen Em- 
bryonen zu machen. 

Als Material brauchte ich junge, zwei bis achtzellige Embryonen, 
die zwei od©* drei Tage nach Oogoniumentleerung noch mit dichtem 
Schleim auf dem Rezeptakel der Mutterpflanze befestigt gefunden 
wurden. Noch wetter fortgescbrittene Stadien der Embryoentwicklung 
skid far die Untetsuchung nicht geeignet, weil sich die Zellkerne 
immer niebr verkleinem. 

Folgende FlQ«igkeit fixierte die verschiedenen Phasen der Kem- 
teaung verfaikltnismassig gut. 

Vormtslfisvi^ von ChioraMure (Seewasser 98 oem, gesattige 


Lbattng von Giromiiape 2ccra) 50ccm. 

Seewawer SOccm. 

296 OtBrianweure 
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Eisessigsaure 2.5 ccm. 

Die Farbung der I’araffinschmtte erbilgte ausschliesslich mit Hei- 
DENHAiNs Kisenalaunhamatoxylin. 

Uber die Frage, wo die erste Teilung des befruchteten Kerns in 
der Eizelle von Sarga.tsum beginnt, gibt es zwei verschiedene Meinungen. 
Tahara und Shimotomai (1926) bemerkten bei Sargassum tontilc, 
dass die erste Teilung des befruchteten Eikerns immer in der Peri- 
pherie der Eizelle erfolgt, aber Kunieda (1928) hat ein anderes 
Resultat mitgeteilt ; bei Sargassum Homeri vollziebe sich die Befruch- 
tung und die ibr folgende erste Kernteilung nicht in der Peripherie 
der Eizelle, sondern im Zentrum Da meine Beobachtungen noch 
sehr sparlich sind, kann ich zunachst zu diesem wichtigen Problem 
nichts sagen. 

Der Ruhekem ist meisl kugel- oder eibirmig oder ellipsoidisch. 
Er enthalt gewbhnlich cm, zuweilen zwei Nukleolen und viele kleine 
Chromatinkorner, die mit ausserordenllich zarten Faden rosenkranzartig 
verbunden und in der Kernhbhle gleichmassig verteilt sind. Das 
Plasma in der Umgebung des Kerns ist etwas dicht. Die Zellen teilen 
sieh ohnc Zunahme ihres Volumens so schnell, dass die Telophasekerne 
gewdhnlich nach kurzer Rube ins Piophasestadium der nachsten Teilung 
iibergehen. 

Im friihesten Stadium der Prophase, als Zeichen des Beginns der 
Kernteilung, tntl eine merkliche Veranderung, d. h. eine Strahlung 
im Plasma, auf einer Seite der Kernmembran auf. Wie in Fig. 1 
deutJich gezeichnet ist, kann man zwei kleine, etwas gekriimmte, 
stabchenfiirmige Kbrnchen in der Mitle dies<'r Strahlung, in der Niihe 
der Kernmembran erkennen. Bei genauer Betrachtung lasst sich auch 
wahrnehmen, dass diese Stabchen in einen hcllen Hof gebettet sind. 
Bei Stypocaulon bemerkte Swingle (1897), dass ein solches Knrnchen 
im Beginn der Karyokinese in zwei geteilt wird. Bei Sargassum 
konnte ich aber diese Erscheinung nicht beobachten. Wie unten noch 
erklart wird, gibt es schon in der Prophase , der vorhergehenden 
Teilung je zwei Kbrnchen im 2^ntrum der Strahlung. Die Termino- 
logie des Zentralapparats ist in der Literatur etwas verwirrt. Der 
Einfachheit halber mbchte ich hier dieses Paar von Kbrnchen mit 
hcllem Hof als Zentrosom bezeichnen. Die zarten Kemf&len sind 
geneigt, nach der Seite mit der Strahlung zu verlaufen (Fig. 1). 
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Im nachsten Stadium erscheinen zwei Strahlungen, die vielleicht 
durch Zweiteilung der vorher vorhandenen entstanden sind (Fig. 2). 
Merkwiirdigerweise hat jede Strahlung im ihrem Zentrum zwei Korn- 
chen. Strasburgek (1897) hat das gleiche Verhaltnis bei der Unter- 
suchung von Fucm gefunden — besonders deutlich in seiner Fig. 51 
— , wahrend Swingle in demselben Stadium bei Stypocaulon an jedem 
Pol nur ein nicht geteiltes, hantelformiges Kornchen bemerkte. 

Mit dem Fortschreiten des Stadiums zerschneiden sich die Kernfaden 
an verschiedenen Stellen und gestalten sich allmahiich zu Chromosomen, 
die in der Kcrnhtihle regellos zerstreut sind (Fig. 3 und 4). Wie bei 
del- Prophase der Reduktionsteilung dieser Pflanze, trennen sich die 
beiden Strahlungen entlang der Kernwand, aber niemals ganz bis zur 
gegenseitigen Stclle des Kerns. Die Zentrosomen enlfernen sich wenig 
von der Kernwand, und die Fasern wachsen nach dem Kern hin, so 
dass die Kernwand an diesen Punkten etwas eingedriickt ist und 
si'hliesslich dort aufgelost wird (Fig. 3, 4 und 5). 

Zur Zeit des Eintntts der Spindelfaden in die Kernhdhle sammeln 
sich die bisher im ganzen Raum des Kenis zcrslreuten Chromosomen 
in der Gegend, wo die Enden beider eintretender Spmdelfaserbuschel 
zusammcntreffen (Fig. 5). Wenn sich erne intranukleare Spindel auf 
einer Seite des Kerns bildet, so ordnen sich die Chromosomen auf 
der Kernplalte an. Der Nukleolus verschwindet dann allmahiich, aber 
die Kernmembran bleibt noch intakt (Fig. 6 und 7). Gewcihnlich lost 
sich die Kernmembran bei vollstandiger Metaphase ganzlich auf, und 
kleinc, stabchenformige Chromosomen verteilen sich rcgelmassig auf 
einer Aquatorialplatte (Fig. 8). 

In der Polansicht solcher Kernplalte konnte ich festslellen, dass 
die Zahl der Chromosomen mit grosser Wahrscheinhchkeit 64 beti-agt 
(Fig. 9). Sie ist somit doppelt so gross wie im Kerne des Oogoniums, 
der im vorigen Jahre von mir untersucht wurde. 

Mit dem Beginn des Anaphasestadiums erfolgt die Langsspaltung 
aller Chromosomen. Darauf riicken die beiden Langshaiften regel- 
massig in die entgegengesetzte Richtung auseinander (Fig. 10). Der 
Zwischenraum zwischen beiden Massen der Tochterchromosomen dehnt 
sich allmahiich aus und wird ptasmaarm (Fig. 11 und 14). 

Wie Fig. 13 zejgt, erscheint zuweilen ein eigentiimliches Anaphase- 
stadium, wo die Kernwand noch intadit bleibt, wahrend die Tochter- 
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chromosomen schon wandern. 

Das Telophasestadium acheint sich langsam zu entwididn, da man 
die verschiedenen Stufen der Ausbildung der Tochtericerne in einem 
Praparat gut beobachten kann. Die Tochterchromosomen, die die 
Pole erreicht haben, ziehen sich zunachst in eine kleine Masse zusam- 
men. Die Vakuolisierung der Chromosomen tritt polwarts nach und 
nach, zugleich mit Neubiidung der Kernmembran (Fig. 14). Das 
Chromatingeriist der Tochterkemanlage ist zuerst an der Polseite der 
Kernmembran gedriickt, dehnt sich dann aber in der Kemhohle aus, 
und gewohnlich kommen zwei, drei oder noch mehr Nukeolen zum 
Vorschem. 

Bei der Untersuchung der gieichen Stadien von Fucus hat Stuas- 
BURGER etwa.s sehr Interessantes gefunden. Er bemerkte namlich, 
dass das zugespitzte Ende der Tochterkemanlage immer von dem 
Zentrosfim eingenommen wind. Bei Sargassum Homeri ist aber das 
Verhaltnis ganz anders. Denn die Tochterkemanlage dieser Pflanze 
onentiert .sich, wie Fig. 14-16 klar zeigen, von dem 2^ntrosom etwas 
entfernt, und die dem Zentrosom zugekehrte Seite der Membran ist 
nicht zugespitzt, sondern etwas abgeplattet. Aber wenn die Ausbildung 
des Tochterkerns ungefahr vollendet ist, nahert sich das Zentrosom 
der Kernmembran (Fig. 17). 

Nach voller Ausbildung der Tochterkerne wird die Zellwand rwi- 
schen den beiden Kernen zentripetal gebildet 


ZUSAMMENFASSUNG. 

1. In der Prophase der somatLschen Kemteilung im Embryo von 
Sargassum Homeri treten zuerst eine, dann zwei Strahlungen auf. 

2. Wahrend aller Teilungsstadien besitzt die Strahlung in der 
Mitte zwei kleine, etwas gekriimmte Stabchen. 

3. Wenn sich die Spindel auf einer Seite der Kemhohle bildet, 
ordnen sich die Chromosomen auf der aijiiatoriaien Ebeoe. 

4. Die Kernmembran lost sich gewiihniich in der Metaphase auf, 
bleibt aber zuweilen noch bis zur Anaphase intakt. 

5. Diese Pflanze zeigt 64 Diffloidchromosomen. 

6. In der Anaphase wandern die Tochterchromosomen nid# bis 
zum Zentrosom. Also kommt die Tochterkemanlage hi der Tda^diaae 
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mit detn Zentrosotn nicht in Bertihlung. 

Zum Schiuss mochte ich Herrn Prof. Dr. M. Tahara fiir seine 
Anregung und seine vielseitigen Ratschlage meinen hendichen Dank 
aussprechen. Ebensoviel Dank schulde ich auch Herrn Prof. Dr. N. 
Yatsu, Direktor der Biologischen Station zu Misaki, fiir seine freund- 
liche Unterstiitzung. 

den 27. Oktober 1930. 
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TAFEL XXV. 

Fig. 1. Frtiheru Prophaae, wo eine StraMung erscheint. 

Fig. 2. Spiteret StVdium, wo die zwei Strahlungen zu sehen sind 
Fig. 8-4. Noch spitere Sudien. Die Chromosomen sind in der Kernhbhle 
zerstliMIt. In Fig. 4 beginnen die Spindelfasem in den Kem einzudnngen 
Fig. 6-6. Spitere Telophaten. 

Fig. 7. Deatelhe Stadium in Polansklrt. 

Fig. 8. Metaidieae in Saitenandoht. 

Fig. 9. Dfsadbe Stadkm in Ptfirtisicm. wobei 64 Chromosomen zu sehen smd. 
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TAFEL XXVI 


Fig 10-11 An*|^ias«n 

12. Stralhlung in Polansicht 

Fig 13 Eine eigenartig« Anaphase bei der die Kemwand noch mtakt bleibt. 
Fig 14 Frtthere Telophase 
Fig 16 16 Telophasen. 

Fig 17 SpStere Telophase 
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l^ect of Ught on Porphynn, from the Int^ument of 
the Earthworm, AUolohophora foetida (Sav ) 

Br 

Sataro Kobayashi 

fiicJogieal Institute TAhoku loipenal University Send«i Japan. 

(With 3 text figures). 

INTRODUCTION 

According to Zieunska (191$) and Fischer and Schaumann 
(1923), the pigment of the earthworm Euerua foetida differs from 
haematoporphynn discovered by Mac Munn (1886) in the body wall 
of Lumbnctis terreatns both spectroscopicaUy 'and chemically The 
present writer (1928) also studied this pigment of AUolohophora 
foetida by the Essigathermethode of FlscHEp and Schaumann 
and found that the absorption bands of this pigment shifted further 
towards the red than those of haematoporphynn 

HAUbMANN (1916) extracted this pigment from Etsenta foehda 
with hydrochloric add alcohol and found that the fluorescent solution 
so obtained produces photodynamical sensitivity to erythrocytes. 

In my subsequent observation on this pigment, it was noted that 
the charactemtic positions of the absorption bands altered after exposure 
to sunlight, and that its colour faded in this solution 

Similar phenomena to these just mentioned were noted by several 
workers who employed different pigments for instance ScHUMM (1914), 
Goto (1923), and Kajdi (1925) on haematoporphynn Schumm (1916) 
and Squires (1927) on uroporphyrin 

In 1923 Fischer and Kdct noted m the ooporphyrin ester from 
the egg-shell and further noticed that the colour of the solution became 
green and the cbanacteristic bands disappeared producing at the same 
time, a new additional band ui the red region at 676 0 661 2 after 
irradiation for one hour with an arc lamp 

So far as I am aware, the s^toral changes of worm porphynn 
m relation to the exposure to light have not been reported and I 
have therefore atempted to study this problem 
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EXPERIMENTAL METHOD. 

2 kilogram.^ of the earthworm, Allolobophora foetida, were collected 
in June, 1929. Since the “ Essigathermethode ” used in my previous 
work, yields too smaller amount of the materials, the other method 
which is described below was substituted. The entire procedure was 
carried on in a dark room in order to prevent the effect of exposure 
to sunlight. 

The alimentary tract was cleaned and the coelomic fluid, which 
was secreted from the dorsal pores of the worm, was removed by 
the method employed in my previous work (1928). The worms thus 
cleaned were finely chopped with a meat grinder and washed with 
running water for 24 hours in order to remove blood pigment. 

For extracting the pigment, the tissue was first extracted with 2 
liters of 20 9^ hydrochloric acid alcohol, and was then allowed to 
stand for several days with occational shaking. In the extractives 
thus obtained two characteristic absorption bands could be seen by 
means of the spectroscope. 

The residue was strained first through cheese cloth, then centri- 
fugalized, and the remaining sediment was finally removed from the 
filtrate by filter paper. The filtrate was neutralized by a concentrated 
potassium hydroxide solution and was then mixed with ether into 
which the porphyrin passed. The ethereal solution of the porphyrin 
was washed several times with water in order to remove the major 
(Kirtion of alcohol and inorganic salts. The glacial acetic acid 
was added and it was shaken vigorously. The porphyrin, in the 
glacial acetic acid, was again passed into the ether by diluting the 
acidity with water. The ethereal solution of porphyrin thus separated, 
was redissolved in 20^ hydrochloric! acid instead of glacial acetic 
acid and was extracted by ether in neutralizing acidity with potassium 
hydroxide solution. The ethereal solutbn so obtained was finally 
washed with a large amount of distilled water till the solution was 
free from acid and alkalies. On evaporating ^ etKer, the wormr 
porphyrin, exhibiting a dark brown colour, which was used few the 
present work was obtained fat a powdered form. The yield al worm* 
porphyrin, was about 1.5 grams. 

The worm-porphyrin was studied both spectrometeiodly and epee* 
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trophotometrically. For the spectrometric study, Adam Hii/ier’s 
wave length spectrometer {Constant Deviation Type) was employed 
for determining the axis of the absorption spectra. As the light 
source, a carbon arc lamp {4-5 ampares) was employed, and, as the 
container of the worm-potTihynn solution, Baly’s absorption tube was 
used. To measure the quantitative changes of the absorption spectra, 
K6nig-Mahtens’s spectrophotometer {model II) by Schmidt and 
Haensch was employed. These instruments v/ere carefully adjusted 
before use ; the sc.ale of the instrument was calibrated by observing 
the known spectra of various metals for which the values of the 
wave length were indirectly calculated for given scale readings (see 
appendix. Table 2). The opening of the colimater slit was fixed to 
0.1 mm. The light source for the instrument was the paralleled light 
of a concentrated filament from a 250 watt lamp. 

EXPERIMANTAL RESULTS 

The worm-porphyrin was dissolved in the following solvents ; 20 
hydrochloric acid alcohol, 25^6 hydrochloric acid, 6 and acetic 
acid alcohol, ether, ethylalcohol, amylah'ohol, 20?^ ammoniacal alcohol, 
and 5yo potassium hydroxide alcohol. Most of these experiments 
were earned out with the spectrometer but some with the spectro- 
photometer. The solutions were exposed to sunlight with the excep- 
tion of the pigment in acetic acid alcohol which was exposed to the 
irradiation of an electnc lamp. For the exposure to sunglight, the 
solutions were put in glass vessels 2.6 cm. in diameter and 1 cm. in 
height, and then covered with a quartz plate. 

A. Spectrometric changes of worm-porphyrin. 

The worm*porphyrin in 20^6 hydrochloric acid alcohol showed 
two well-defined bands at 604 and at 559. The latter band is much 
mese mtense thon^ the fofiPer. 

By the exposure to sunlight, the original wine-red colour of the 
stdutkm turned to yellow and gradually faded away. However this 
fading of the colour produced or no change in the positions of 
the bands, thou^ no bands could be seen when the colour had 
entirely diss^peared {See Table 1.). The solution made with 25 9^ 
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hydrochloric acid also showed two bands at corresponding positions 
with the former. By the irradiation to light for 5 minutes, the band 
which was observed at 603 in the unexposed solution, suddenly changed 
its position and also divided into two axes at 612 and 596, yet the 
band at 559 remained unchanged. After ^exposing for 15 minutes, 
only the band at 612 could be seen, while the band at 596 became 
invisible. Further exposure to the irradiated light produced a complete 
di.sappearance of all bands was the case in the 20?^ hydrochloric acid 
alcoholic solution (see Table 2). 


Tablk 1. Table 2. 


Absorption bunds in 

T^mr> 

25?i hydrochloric 

Time of 

20^0 HCl alcohol 

exposure 

acid 

exposure 

604 

66{) 

Before exposure 

60.‘? 

568 

Unexposored 

604 

659 

5' 

612 696 

5.68 

6' 

604 

569 

15' 

612 

558 

15' 

604 

5.69 

45' 

612 

558 

45' 

_ 

5.69 

2 hrs. 45' 

612 

668 

Ihr. 46' 


1 - 

6 „ 


669 

2 hrs. 46' 


In general the absorption spectra of either the exposed or un- 
exposed solutions made with acetic acid alcohol, ether, ethylalcohol, 
and amylalcohol resemble each other, although a slight variation in 
the position of the axes may be found according to the solvents used. 
Tables 3-6 give the spectral changes in various solvents. 

Table '3. 



Absorption bands ir 

1 6% acetic acid alcohol 


Time of expoaure 



631 1 

60(6) 

683 


641 


Before expoaure 


04(8) 

6S0 

60(6) 

682 


640 

60.3 

6' 

66(9)1 
67 (O') 

648 

629 1 

60(6) 

681 

666 

640 

1 60S 

10' 

648 

626 


681 

655 

639 

602 

30' 

67(0) 

648 

JfJ 

~ 1 

68(0) 

656 

637 

60(2) 

2 hrs. 
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Table 4. 





Absorption bands ir 

1 ethrr 



Time of exposure 



6.'J4 

006 

Im 

W6 


6.17 

603 

Before exposure 

670 


6.S4 

606 

_ 

676 

66.1 

6.17 

6ai 

5' 

670 


6.14 

606 


.676 

66.1 

6.17 

6ai 

16' 

670 

648 

6.1.1 

600 


676 

66.1 

637 

60.1 

:to' 

669 

649 

6.1.1 

L;_ 


676 

664 

6.1(4) 

602 

1 hr. .10' 


Table 5. 



Absorption bands 

in cthylalcohol 


Time of exposure 


6;w 1 60(.1) 

683^ 

676 


6.17 

504 

Before exposure 

670 ! 

6.10 i 60(3) 

.'.83 

676 


6.17 

60.1 

6' 

670 1 

630 ! 60 (3 1 

68.1 




60.1 

15' 

670 1 049 

6.10 I 60 (.1) 

68.1 

676 

.6.66 

6.17 

.6ai 

1 hr .10' 

669 1 647 

629 — 

682 

676 

.6.66 

.6:16 

602 

2 his 

669 646 

626 

681 


i .6.-)6 

6.'»5 

602 

4 „ 

668 646 

62.1 

682 

— 

I 5.V. 

6.14 

602 

6 .. 


Table 6. 




Absonition bands 

in amylaUohol 



Time of exposure 

i 


6.11 

60(4) 

[ wT 676 


539 I 

604 

1 

Before exposure 

671 ! 

649 

631 

60(4) 

68(4) 

676 


6.19 

601 

6' 

671 

649 

6.11 

60(4) 


676 


.538 

504 

1 15' 

671 

649 

631 

60(4) 


576 


6:18 

604 

1 1 lir 

671 

648 

6.10 

00(4) 


.676 

66(7) 

638 

501 


671 1 

649 

6.11 


676 

56(6) , 

638 

601 

3 

671 

649 

6.10 



576 

657 

638 

602 

6 

671 

649 

631 



- 

6.58 

637 

601 

0 „ 


The figures in brackets are uncertain. 


From the above tables, four banded spectra are obtained in the 
unexposed wortn-porphyrin ; I at 634-630, II at 584-583 or 576-575 
(the latter is not evident in acetic acid alcohol), III at 541-537, and, 
in addition, there is a very faint band at 606-603. 

After exposure to sunlight,. two new additional bands are developed 
at the red region near the infra red. The axis of the first band is 
at 671-669. and that of the second, at 649-648. The first band is 
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more intense than the second. 

Another band also appears at 557-553 in the blue region, but it 
is not found in tbe case of haematuporphyrin. The axes of the 
absorption bands whu-h are visible in the unexposed solution change 
their positions towards the violet and, at the same time, tend to 
decrease an absorption intensity of each band. After exposure for 
several hours, both bands become invisible. 

In both the ammoniacal and potassium hydroxide alcoholic solutions 
(see Tables 7 and 8), the general behavior of the sjiectral changes 
IS almost similar to that of the cases mentioned above. These two 
kinds of solutions possess the four banded spectra if unexposed, as 
was observed with the solutions made with the neutral solvents. 
However after exposure, the two new bands develop at 669-668 and 
at 649. In ammoniacal alcoholic solution, the faint band appears at 
603 instead of at 649, as will be seen in Table 7. 


Table 7. 



Absorption bands in 20"^ NH^OH alcohol 


Time of exposure 


1 OtiO 


, 685 

574 

' .540 

501 

* Before exposure 

flfiS 

j 600 I 


684 

674 

640 

50-1 

6' 

m 

6.00 

60.8 

684 

674 

540 

504 

16' 

668 

6.80 

oa8 


674 

6.89 

504 

1 .80' 

668 

6.80 

604 


673 

6.89 

' 6a8 

Ihr. .80' 

668 

6.80 1 

606 


672 

; 6.89 

60.8 

.8 hrs. 

669 

629 * 

606 

, 

670 

' 6.89 

, 602 

' 6 ,. 





Table 

8. 




Absorption bands in 

KOH alcohol 


Time of exposure 



i 

629 1 

674 

6.87 

603 

1 Before mtpoture 

669 

649 

I 

628 

673 

536 

602 

O' 

669 

649 


628 1 

673 

536 


w 

670 1 

649 


629 j 

67(!0 ! 

6.86 

60(1) 

itK 

670 i 

648 

-L 

628 


1 6.86 


Ibr. W 


The figures in brackets ore uncertain. 








PORPHYRIN OF EARTHWORM 


B. Spectrophotometric changes of worm-porphyrin. 

The spectral changes of the worm-porphyrin were also observed 
quantitatively in some of the following solvents ; hydrochloric acid 
alcohol, ammonical alcohol, and acetic acid alcohol. 

Fig. 1. give the spectrophotometric changes of worm-porphyrin 
in hydrochloric acid alcohol, affected by the irradiation of sunlight. 
Table 9 shows the spectrophotometric axis of the band. The axes 
of the bands are at 603 and 559 before exposure. The irradiation 
of light produces little or no change in the position of each band. 
Spectrophotometrically, a great difference between the exposed and 
unexposed worm-porphyrin lies in the fact that in the former the ab- 
sorption intensity of each band tends to decrease gradually, and after 
20 hours there are no bands remaining visible. 



In ammoniacal alcohol, four banded spectra were obtained, as is 
shown in Fig. 2 and Table 10. By exposing this solution to light, 
a new add^nal band at Q69 gradually developed and its absorption 
intensity also gradually increased, while in the third and fourth bands 
file ^sorption intensity gradually diminished as the slight positional 
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changes took place. The moving of each band agreed with that of 
the spectrometric measurement (see Table 10 and Table 8.). 


Table 10. Spectrophotometric axes of the bands in 
ammoniacal alcoholic solution. 


lleii^natiiin u( 

’ New hand I j 

JNew band, 

n 

in , 

IV 

ex^msurr ' 

Befoic exposure 

; «2« 

- 

571 j 

■ 

5;iH 

601 

Aftei cKposurt* 

(50 min '' 

1 669 62(6) 

i - ' 

57.3 

I 539 , 

502 

Aftci exposuic 

I'S his^ 

669 — 

60(6) , 

571 

' uncertain 

501 

The figures in 

lirackets are uncertain 






I have observed a peculiar spectral change of the solution in acetic 
acid alcohol. This change occurred after exposing the solution to the 
>iirradiation of electric lamp light for four hours. As will be seen in 
Fig. 3 and Table 11, tht* four banded spectra began to show two 



Fi({. 3. Spectrophotometric curves of worm-porphyrin m 3?^ acetic acid alcohol 
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high summits at 581 and 545, and, at the same time, the absorption 
intensity increased much more strongly than that shown by the un- 
exposed solution. However, when this same solution was again exposed 
to sunlight for seven minutes, the intensity of both absorption bands 
showed a slight diminuation. 


Tabi.k 11. Spectrophotometric axes of the bands in 
acetic acid alcoholic solution. 



From the fact that the worm-porphyrin possesses axes of the 
bands at different wave lengths and that the spectrophotometric curves 
are found to cross with each other, it seems evident that the worm- 
porphyrin changes its own property by means of the irradiated light. 

Furthermore, comparing the newly developed bands of worm- 
porphyrin at 670-669 and 649 -648, with those of haematoporphyrin 
at 661-660 and 646-641 (Kajdi, 192.5), it was found that the two 
bands in the former shifted more toward the red than in the latter, 
on the one hand, while the new band at the blue region given by 
worm-porphynn, is not given by haematoporphyrin, thus indicating 
that these two pigments do not appear to be identical. 

Goto (1923) demonstrated a spectral change of haematoporphyrin 
in acetic acid alcohol which resembles closely that of the worm-por- 
phyrin as the following table shows : 

^rphyrin ^ **"’* **Tadiation of metal flame light. 

• 561 538 2hrs. „ ' 

porphyrin •• » electric lamp. 

We thus find that the axes of the bands given by the worm* 
pOTphyrin are not strictly identical with those given hy 1 
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porphyrin, since in the former the worm-porphyrin are shifted more 
to the red than in the latter. 

I may add that the spectra of the unexposed worm-porphyrin also 
shifted more to the red compared with those of haematoporphyrin. 

On the other hand, Fischer and Schaumann (1923) determined 
the axes of the bands of the worm-porphyrin in ether as : 

633.2-635.6 589.5-568.4 548.3-529.1 515.5-495.2 

These positions almost agree with the data given in Table 4, 
though considerable deviations can be found in the l»and placed nearer 
the red region. 

When the data given in my previous work (1928) on the spectra 
of the worm-porphyrin dissolved in hydrochloric acid alcohol and 
ammoniacal alcohol, are compared with the similar data given in the 
present work, some discrepancies in the result are noted. This dif- 
ference may be considered to be due to irradiation during tfie operation 
made in the former investigation, while in the present study such 
exposure to light was avoided by preparing the materials in a dark 
room. 

SUMMARY. 

The results obtained from the above experiment show that the 
absorption spectra of the worm-porphyrin are altered by the irradiation 
to light as is the case with other porphyrins ; e. g. haematoporphyrin, 
uroporphyrin, and ooporphyrin. 

The axes of the bands in worm-porphyrin, when exposed to light, 
are shiftetl to the red and also the axes of the new additional bands 
thus produced are found in the region, contrasted with those of the 
corresponding bands of haematoporphyrin. Such spectral changes are 
found to occur within a very short period of exposure. 

The worm-porphyrin extracted from the integument of the earth- 
worm Allolobophora foetida differs spectroscopically from the ordinary 
haematoporphyrin. 

The results of this study support strongly the view held by 
Hausmann (1916) that this pigment possesses photodynamic sensitisa- 
tion against the erythrocytes. ' 

The present results rilow also that the pigment changes its own 
property as the results of beeiag exposed to irradiated light. 
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APPENDIX. 

Spcctrophotometnc values from which the curves of Fig 1, 2 and 3 were 
constructed ond the values in Table I are shown as the optical density, log j’ . 


Table 1. 
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i 
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1 

Hydrochloric acid alcoholic 
solution 

1 1 oj J, 

1 ! Y 1 p i |i 

i 1 1- Is i h 
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ffl 1 1 1 

Before exposure ^ 

Exposed for | l-n 

4 hours § S. 

I.Electonc lamp) § 
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Ammoniacal alcoholic 
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Table 2. 


Metal 

Wave length in (iii 

Scale reading of 
spec trophotorao ter 

Li 

(170. « 

518.2 

Si 

(i40.1 * 

500.1 

Fe 

til.'! 7 

491.0 

Li 

010 4 

490.1 

Na 


•178.0 


571). 1 

471.2 

Cu 

578.2 

470.5 

I Ik 

577.0 

470.2 

Cu 

670.0 

405.1 

Fe 

fitil.fi 

400.5 

Sn 

550.4 

4.55.5 

Sr 

548.1 

449.0 

Hr 

540.1 

447.2 

T1 


4.T9.;i 

T1 

6.15.1 

4.17.8 

Fe 

527. 1 

4.10.0 

Fe 


420.5 

Cu 

521.8 

425.4 

Fe 

510.2 

42.1.1 

Mr 

518.4 

422.0 

Mr 

51 7.. 1 

420.0 

Fe 

( 5l0.fl 

420.5 

Cu 

.51 5.. 't 

418.8 

Cu 

.510.0 

414.1 

Cd 

508 0 

411.7 

Fe 

.505. 1 

■108.2 

Fe 

500.0 

4ai 1 

Fe 

402.0 


Fe 

485.0 

.180.0 

Cd 

480.0 

.177.0 

Cd 

407.8 

.159. .1 

Sr ! 

400.8 

847.5 



Contribution to the Research on the 
Respiration of Fishes. 

III. On the Change of the Alkali Reserve of Blood 
due to the Respiratory Condition in a Fish and 
some Marine invertebrates. 

Seiji Kokubo 

Marinr BioloKical Station of (he I'Ahoku Imperial Universil) , 
Asamushi, Aomori-Ken 


INTRODUCTION 

The experiments presenttni in this paper have been designed, in 
the first place, to indicate the change in the alkali reserve of the 
blood of a fresh water fish and some marine invertebrates due to the 
change of the respiratory condition. In the second place, they were 
also aimed to show whether this change implies some biological 
significance in respect to the habitat or behaviour of these animals. 

In a pallet- published ten years ago (ailui* (1920) stated the alkali 
reserve of marine fish and invertebrates and suggested the presence 
of a markini change in this quantity. Power (1922) stated the alkali 
reserve of the blood of fish and pointed out the change of blood 
alkali due to the alteration of the tension of C’O, as such. In a later 
publication (1928) he made a statement implying that the fish which 
rapidly changes its blood alkali is more resistant to the change of Oj 
and COj tension in breathing water. It is also of much interest to 
note the results of Winterstein’s experiment (1921) which shows 
that the CO 2 content of the blood of Maja, a decapoda Crustacea, 
changes exceedingly according as it breathes in water or in the atmos- 
pheric air. The present author likewise made studies on the oyster 
(1929) and fishes (1930), and indicated that the blood alkali changes 
with the respiratory conditionT As for the same relation in higher 

Contributions from the Marine Biologiral Station, Asamushi, Aomon-Ken No 58. 
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animals such as mammalia many works have been done, and results 
were summarized by Henderson (1928), Van Slyke (1926), and other 
authors. 

In the present work the experiments have been conducted widi 
the marine lower forms which have hitherto remained quite untouched 
in this regard. And the results were compared with those of the 
authors just cited. 


METHODS. 

The increase of alkali reserve in the blood has been tested under 
three conditions : (1) Animals were exposed to the atmospheric air by 
taking them out ‘of water ; (2) Animals were forced to respme m the 
acidified sea water ; (3) Animals were subjected to respiration under 
high CO, tension. 

For the first purpose the specimens were simply placed on the 
floor of the laboratoiy, and were bled at convenient intervals. To 
meet the second view the pH of sea water was lowered by adding 
HCl in varying quantities, maintaining the pH as low as from 2.40 
to 5.00. The quantity of breathing water was 2 to 5 litres, though it 
varied with the experiment. The container used in this case was an 
open glass jar mea.suring about 20 to 25 cm in diameter and 14 to 
17 cm in depth. After submersing the animal into the acidified water 
the blood collections were made at appropriate intervals, taking out 
the animals one by one, and the water temperature and pH of water 
were also observed at these times. For the third purpose, i. e. in the 
experiment under high CO, tension, the animals were confined in a 
tightly closed glass jar of a little larger size than those used in the 
former cases. The stream of CO, gas was constantly bubbled through 
the water thus raising the tension of this gas even up to saturation 
in some cases. 

The blood or coelomic fluid was collected from the heart in 
Cyprinus and Area, and from the body cavity in Caudina and Helio- 
cidaris. In any of these animals 5 to 20 cc of blood was. readily 
collected from an individual. In determining the hydrogen ion concen- 
tration on the blood of Cyprinus, the colorimetric method 1(1) was 
employed, diluting the blood 21 fold with a saline solution. Wift 
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regard to the other animals, 5oc of fluid was delivered through a 
sjninge into a test tube under a paraflin oil, thus avoiding contact of 
the blood with the atmospheric air. After adding 0.5 cc of an indicator 
such as phenol sulphonphthalein or tetrabrommetacresol sulphonthalein, 
the tube was centrifugalized in order to settle the red blood corpuscles. 
Then the colour of the tube was compared to the colour standard 
and its pH was determined. G>nsequently the protein or salt error 
was disregarded. 

In determining the COs content or O, content of the blood or 
coelomic fluid, the manometric blood gas apparatus of Van Slyke 
(1924) was employed. The capacity of the extracting pipette was 
50 cc. The quantity of blood used for each determination was 1 cc. 
'S', i. e. the volume of solution in the extracting chamber, was 3.5 cc. 
The volu.Tie precent factor was taken from Van Slyke (1924) without 
making any modification. 


MATERIALS. 

The animals employed for the present experiments were a fresh 
water fish and three kinds of marine invertebrates : that is, Cyprtnus 
carpw. Area inflata (Anadra inflata) a bivalve, and two species of 
Echinodermata named Helioctdaris crassispina (sea-urchin) and Caudim 
chilensis. Among these species Cyprinus Ls a common fresh water 
fish, which ha.s been invariably used since my first investigation (1927). 
Ami is a large edible bivalve native to the muddy bottom of 20 to 
30 meters or thereabouts, and is a vigorous variety, affording a large 
amount of red blood for experimental purposes. The specimens used 
were collected two weeks prior to the experiment. Heliocidans is a 
dweller in shallow water below the low tide mark and is well known 
as the common sea urchin. Since this animal has a spacious body 
cavity filled with transparoit body fluid, it was very convenient for 
the present atudy. The specimens employed were reared for 1 month 
in the aquarium before use. As regards Caudina chilensis, it dwells 
in the sandy shallow bottom near the tide marks, hence its habitat 
is often exposed to the atmqppheric air during low tide. This animal 
has red blood in quantities, filling the codomic cavity, and furnishes 
fine material for blood investigation. Since this animal loses its natural 
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State in capitivity it was collected just before use. 

Protocols of the Experiment. 

On each species 2-4 experiments of different kinds have been 
carried out except one on which only the high CO 2 tension has been 
tested. The descriptions of the experimental conditions, which varied 
somewhat with the experiment, will be given below. 

I. Cyprinus 

Exp. 1. Breathing under high COj tension. 

The change of COj-content of the blood of this fish due to acidosis 
or alkalosis is already reported in my former publication (1). This 
time, therefore, only the influence of high CO., tension of breathing 
water upon the COccontent of blood has been examined. For this 
purpose three fishes were introduced to ten litres of water, after 
examining their normal blood pH and COj-content. 

From the start of the experiment the COj gas and air were bubbled 
through the water in order to raise the COj tension and also to 
prevent the diminution of 0> content in the water. This procedure 
served to keep the tension of COj moderately high, thus avoiding 
the saturation which would raise the pH of the breathing water too 
high. The water temperature was carefully regulated so as to be 
maintained at 20 throughout the exjieriment. 

The fish behaved normally under the above conditions for 20 
minutes. After 25 minutes the fishes began to be in agony, and after 
35 iiimutes they tended to jump about From 45 minutes on they 
shook their heads convulsively, and one of them lay on the surface 
while the other fishes remained still, seeming very faint. The size of 
the fishes employed was as follows: 

Length fem) Hoight fem) Weight fgm) 

Fi.sh A 30.5 7.0 340 

Fish B 30.5 6.8 ' 330 

Fish C 29.5 6.5 280 

The data obtained are given in the following table. 




II. Area. 

Exp. 1. Exposure to air. 

In this experiment a lot of shells consisting of 1-1 individuals were 
employed, continuing the experiment for a week On the first day 
two of them wore opened and bled as .scKin as they were taken out 
of the water, and thus the normal values of fiH and COi-content were 
recorded. The r(*maining 12 shells were placed on the floor of the 
laboratory under room temi>eraturo, and two of them were examined 


1 ! ! r-n . . f i Itimensioii of shells 1 

-.1,1 ' nf a COj-contenl of 1 I 

j Air I ’ ’ blood, sol. ! Length Hr.Bdth ; W<.iBht Diitc 

temp i I I Oml J Jrm) jJionO ' (lill’in 

! I A i B iMeRnl A i H '.Mennl A i B i A I B 1 A ' H ! 


Istday ,32°. 017.907. SC 7.88 C.CSj 0.931 6.8eil2.0'l;i.O9.0;s».0i.!C0 440j June 
3nd 3.r. 0 7.707. CO 7.6ffl0.70j 8..5oj 8.80ju.®10.s'9.0j7.ol-I.3o'31o| 

3rd „ Sl“.r)7.507.2fi 7.88 9.»4n.20l0.6(«10,6lll.;t'a.O|S.;ijl»oi340; „ 

4th „ 33°. 0 7.1507.20 7.8^11.3010.3010.8ffl12.c!n.o|«.3,'8.o'.3.-io!3GOj ,. 
5th 2t°.0 7.10:.6« 7.8lSl3.4011.7012.6(^l2.clll.0j8.5j7.2!2fi.'5jl9.'5: .. : 
0th „ 31°. 6 7.400.70 7.0S 8.7016.00ie.|dn.(Jl3..'5|8.0j9.oj230':i.-!o' July 
7th 2.3’.0 0.706.80 6.7ai3.Mll4.70ia.8«ll.cj 9.cj8.5j7.0j33o!lCoj „ 
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every day. On the second day all the shells opened widely and the 
animak dangled their feet, but quickly closed when agitated. Such 
a state continued until the forth day. On the fifth day, however, two 
of the specimens, tightly closed their shells, but the others remained 
open as hitherto observed. On the sixth day all the shells closed. 
On the seventh day the animals seemed to be almost dying, and the 
individual which opened its shell responded only slightly to a strong 
agitation, continuing the heart beat but slightly. Observations are 
given, tabulated as Table 2. 

Exp. 2. Exposure to acidified water. 

The breathing water used for the present experiment was the tap 
water of the laboratory, which showed its density to be 1,0250 (12 .5), 
and its proper pH was lowered to 5.00 (Exp. a) or to 3.40 (Exp, b) 
by adding hydrochloric acid Two or three individuals were placed 
in five litres of this water in an open jar, and the water temperature 
was kept a little higher than 20 in both experiments. For the pur 

Table 3. 


Time 

Condition 

Watei Water 
temp pH 

Blood 

; COr" 
pH 1 content 

Or 

content 
vol U 

Size of animal 

LcnKth 1 Weight 
(rm) (gms) 




Experiment a 




Start 

Normal 


8. la 

7.86 6.00 

1.71 

la.o 

3.50 



10°. 8 

8. 11 

7.00 7.14 

1.46 

12.6 

.246 

(Mean) 


10°. 8 

8.1.1 

7.88 6.87 

1.G8 



fi hours later 

Experimental 

20°. 7 

6.00 

’6.70 10..61 

l.U 

13,6 

400 



20°. 7 

6.00 

6.70 9.11 

1.22 

13.6 

396 

(Mean) 


20°. 7 i 6.00 

6.70 8.81 

1.17 

- 




Experimental h. 




5 hours later 


25*. 6 

,1.60 

6.90 : 11.44 

0,40 

13.6 

370 

5.6 hours later 

Experimental 

26°. 6 

.'1.60 

6.80 ; 12.01 

0.26 j 

1.2.6 

380 

6 hours later 


26°. 6 

a.7o 

6.80 i 10.16 

0.01 

1.2.0 

366 

(Mean) 


26°, 6 

a. 60 

6.80 1 11.20 

0.22 

1 

- 
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pose of comparison, however, two individuals which were kept under 
normal conditbns were also examined. The alkalinity of sea water 
which showed about 40.0 cc in natural condition, was decreased to 
24.0 cc (Exp. a)-20J2cc (Ebcp. b). The oxygen content of sea water 
at the start was about 5.9 cc in both experiments. 

When the animals were introduced into the acidified water they 
closed theu- shells at first. But from 30 minutes to 1 hour later they 
began to open and made opening and closing movements slowly. 

Exp. 3. COg saturating experiment. 

The pH of sea water which was used for the present experiment 
showed 8.10 at the start, but it decreased to pH 5.80 at 14 after 
COi gas had bubbled for one hour through the water. Thereafter 
the pH gradually decreased, giving 5,60 after 1.5 hours, 5,50 after 3 
hours, and 5,30 after four hours. The CO, content of the sea watei* 
which showed 3.9 vol. <yo increased up to 27.50 vol. % by one hour 
later. The O, content which was determined to be 6,8 cc per 1. in 
normal condition decreased to 1.6 cc on account of the bubbling of 
pure CO,. The water temperature ranged between 13.7-14.0 during 
the experiment. 

Two individuals were placed in five litres of water in a closed 
vessel under the above conditions, continuing the bubbling of CO, 
until the end of the experiment. On the other hand two specimens 
which were kept under the same conditions were employed for the 
purpose of control. 

As soon as the animals wa« introduced into the expc^^er, 
condition they closed their shells for a while. One of th^gg later, 
opened its shell after 13 mmutes, and the other 30^ after 
thenceforth making opening and closing movement|r^g keeping its 
3 hours they seemed to have been nareoti^l^^^^gj,^ this, 
shell opened and, the other closed, 6howin|p^ j^g^rt beat 
When the determinations were made^ the verage of 

was observed to have become ver^y^ 
ceasing. ^ 
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Table 4. 



! ^ ■ 

Blood 


Size of animal 

Time 

i m . 1 'Water ,'W ater 

] |temp pH 

COr 

pll eontent 

Oj- 

content 


WeiRht 

(Rms) 


'Normal six.imTO'' l-f* 0 ' ^-10 

7 80 .1.01 

1.82 

1.3.6 

440 

•Start 

jl4“.o!K.10 

7.75 r..;!4 

3.01 

12.6 

.3,60 


1 (Mean) |l4’o's.lO 

7.78 6.68 

l.»2 


- 


Exp specimen' l.l’ 7 .'i..'J0 

0.30 1 30.711 

1.37 

13.6 

.300 

After fi hours ■ l.r.7 ■ 

0.80 ' S3 00 

0.45 

13.0 

.300 


(Mean) ];i’.7 

6.25 ! 22.35 

0.86 




HI. Ueliocidanb. 

Exp. 1. Normal pH and COj-oontent of coelomu; fluid. 

By inserting a syringe needle into the body cavity through tire 
peristomial area, five or more cc of body fluid can be collected from 
an animal of normal size. This fluid contains many amoeboid corpus- 
cles and bears a resemblance to the fluid of their water vascular system 
which also contains the corpuscles. As this fluid changes its pH 
rapidly the treatment had to be made very quickly. From the twenty 
determinations thus made the following results were obtained. 

Table 5. 


Case ' 



Coelomic fluid 

Size of specimen 


No 

Air ! 

Water 


COr 
conteht 
vol % 





! 

temp 

pH 

Diameter Weight 
(cm) j (gms) 

(1929) 


29". 0 

27°. 0 

7.50 

6.89 

6.3 

61.6 

Aug 14, 7-.30a.m. 



’■s 

6.05 

6.0 

43.0 

1 Aug. 15, 2-.30p.m. 


.30°. 6 


6.02 

6.2 

45.0 

.3-00 

6 



1 5.34 

4.9 

4.3.0 

i M .3-30 

.30°. (i 1 
28°. 0 ! 


7.55 

1 

6.8 

71.0 

j .. 4-00 

7 

28°. 0 ! 

26°. 4 

7.72 

7.50 

7.24 ' 
6.09 

4.6 
'■7 i 

40.0 

.35.0 

' Aug 16, 7-00 a.m. 

, » 7-30 


28°. 1 1 


7.(50 

5.81 j 

I 4.7 ' 

.37.0 

' .. 8-00 






CHANGE OF AEKAU RESERVE OF BLOOD 


787 


No. j temp 

i 

0 I a 8”.2 

10 j 3»“.0 

n I 2fl°.5 


Water I 


25*. 5 ' 
2fi“.0 ' 


Coelomir fluid 
t'O,- 

pH rontrnt 
vol Y. 
7.70 . fl.fifi 
7.70 r,.;j8 

7.90 5.70 


Size of specimen 

Diameteri WetRht ' 

(cm) (gms) 

4.8 ! .'!8.0 I Auk 

4.4 : 40.0 : „ 

4. .4 ■ .[7.6 


Date 
- 1929 ' 


Ifi, K-.‘!0nm 
9-00 
11-00 


:i<r.o 2fi’.0 

.•(O’.O 2*V.2 


7.70 . 6.09 
7.50 «.16 


;ci.o 

27.5 


n-;to 

I .'10 p.m. 


14 

15 

16 

17 

18 
19 


.•50’. 0 
29M1 
29". a 
29’.. •! 


29°, a 


7.65 5.26 
7.80 6 68 
7.80 7.6t 
7.82 (5 86 
7. <5 5 64 
7.80 6.20 


4.1 a2,0 

4.0 ai.o 

5.0 46.0 

4.0 28.0 

4.0 .'10.5 

1.0 28.0 


2-00 

2-ao 

;i-oo 

;i-.'io 

4-00 


20 ■ 29 .a 




6.10 


Exp. 2. Exposure to air. 

In order to keep the animals expo.sed to the atmospheric an, several 
specimens which were taken from the water were placed in an empty 
glass jar. The body fluid were collected from these animals at inter- 
vals of from 1 to 1 hours. Under such experimental conditions they 
never protruded the tube feet, but moved slowly only by spines. This 
animal is much weaker than Area for air exposure, and most of them 
ceased to move within 10 hours, so that the experiment was finished 
in 8 hours. Results obtained were as follows. 

Table 6. , 


— 

Case 

No. 

Time 

(hrs) 

Air 

temp.^ 

- Body fluid 

Sire of animal 

Date 

1,1929,) 

pH 

rCOr 

content 
vol fi 

Or 

content 
vol. Ti 

Dia- 

Weight 

1 

Start 

22*. 0 

7.60 

4.70 

0.35 

5.0 

60 

Sept. 26, 8-00 a ni 

2 

1 

22°. 0 

7.30 

4.80 

0.80 

4.0 

.19 

„ 9-00 

a 

2 

22°. 0 

7.30 

6.01 

(RSI 

4.6 

36 

„ 10-00 

4 

4 

23°. 0 

7.20 

5.64 { 

0.21 

1 4.6 

40 

., 12-00 

a 

8 

23°. 0 

7.10 

6.46 

0.10 j 

[ 4.3 

30 j 

„ t-00 p.m 
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Exp. 3.. Exposure to acidified water. 

The pH of breathing water was lowered to 2.40 by adding HQ 
solution. Five animals were introduced into the 2 litres of this water 
in an open jar. Soon after the introduction they ceased to move ; 
the tube feet remained shortened and bent, thus showing an indication 
that the acidity of this degree affects the animals very badly. Thirty 
minutes later small bubbles evolved from the surface of the shell and 
spines. By replacing one of them in normal sea water after one hour 
I found that they quite recovered and became active. During the 
experiment the water was not renewed, and five observations were made. 


Table 7. 


'Time' Water Body fluid iSi*c of specimen 


No. start 
I'hrs ) 

;Temp. 

pH 

pH 

COr 

vol. % 

Dia- 

meter 

Weight 

Ignis') 

(102J)' 

1 1 Start 

2S^o! 22’.r) 

2.40 

7.50 

6.00 

.‘L7 

;i7 

Aug. 18, 10-00 am 

2 i t 

28“.6 1 22’. 8 

— 

0.20 


;t.8 

;«5 

11-00 

;s 2 ; 

29°.0| 24\0; 


’ 5.80 i 

16.66 

' 4.2 

:{7 

.. 12-00 n 


29°. 0 1 24’. 0 1 


,5.40 1 

20. ;« 

4.5 

.•» 

2-00 p.m. 

6 ! « 

2fi°.0i 2.'!’. 0 1 

4.20 

5.40 1 

; 1 

22.10 

‘ 4.1 

.58 1 

„ 6-00 p.m. 


Exp. 4. CO, saturating experiment. 

Five individuals were confined in a closed jar containing 4 litres 
of water, and the stream of CO, gas was bubbled through the water 
until the end of the experupent. After 4.5-5.5 hours the body fluid 
was collected and tested. 

Though the normal pH of sea water was 8.18 at the beginning, 
it lowered rapidly with the introduction of CO,, giving 5.60 after 10 
minutes, and showed after this 5.30, 5.15, and 5.10 after 1, 2, and 3 
hours respectively. The CO, content of sea water inclosed from 4.16 
vol. ^ to 67.8 vol. ^ due to the solution of CO, gas. 
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Table 8. 



Time 

Wa 

ter 


Body 

Ituid 


Size of 

animal 

Case 

No. 

after 

start 

Chrs) 

Temp. 

pH 

pH 

TourCOr 

! content, 
vol. % 

BHCO. 
vol % 

Free 

COj 

vol 

Dia- 

Weight 

('gms') 

1 

4°. 6 

2r.3 

6.10 

6. .30 

\ 61.6.3 

' 60.1.6 

11.48 


40 

2 , 

6\0 j 

21’. 2 1 

6.20 

; 6.20 

1 78.00 

i 62.61 

1 36.62 

: 3.8 ! 

.30 

a 

6\6 1 

20'. 5 

6.20 

i 6.00 

! 69.1.3 

' 61.90 

' 17.2.3 

•''•7 


Mran 



6.80 

' 6.19 

i 69. 60 

61.62 

18.M 




IV. Caudina. 

Exp. 1. Exposure to air. 

Similar to the same experiments made on other animals, several 
individuals were exposed to the atmospheric air, by placing them in 
an empty open jar. The blood collection was made at the interval 
of 1-2 hours, employing different individuals for each single deter- 
mination, thus using S.'i individuals in all. The pH of the blood was 
determined by diluting it 6 fold by a saline solution. The size of 
the animals used measured from 11 to 19.5 cm in diameter and from 
25 to 32 gms in weight. 


Table 9. 


Case 

Time 

after 

Air 

pH of bli 

od 



sntent 


No. 

start 

IhrsJ. 

temp 

Exp 1 

Exp, 2 

: Mean 

Exp 1 

Exp. 2 

Exp .3 

Mean 

1 

0 

24’. 0 

7.60 

7.65 

7.63 

8.40 

8.20 

8.40 

8 33 

2 

1 

24". 0 

7..3§ 

7.32 

7.33 

; 8.30 

8.10 

8.40 

8.87 

3 

2 

24'. 3 

7.26 

7.20 

; 7.83 

9.00 

9.40 

9.02 

9.14 

4 

.3 

34’. 6. 

7.40 

7.50 

! 7.46 

1 8.96 

, 10.30 

i ‘•>•^7 

9.67 

6 

4 

24'. 6 : 

7.40 

7.10 

I 7.86 

j 9.68 

' 9.70 

9.21 

8. 53 

6 

6 i 

34’. 3 

7.10 

7.60 

1 7.38 

j 11.60 

> 8.89 

9.0.3 

10.00 

7 

" 

34". 3 

7.10 

7.60 

i 7.88 

j 11.80 

10.30 

[12.2 i 

11.80 






m 


S. KOKUBO 


Exp. 2. Exposure to acidified water. 

At the time of the experiment the tap water showed its pH to be 
8J20, the temperature to be 12’.8, and the specific gravity to be 
1.0251 (12°.8). To meet the purpose of this experiment the pH was 
lowered to 3.50 by adding HCI, and the temperature was raised to 
20’ .0 with a view to accelerating the effect of the low pH. Five 
animals were admitted to five litres of the water in an open Jar. 

From the outset of the experiment the pH of the water tended 
to rise, so that the occasional addition of HCI was necessitated to 
keep the pH low. After three hours time the determination of pH 
and COj-content was made every hour, making five blood collections. 
The Oj content of the water was 5.67 cc per 1. at the start but it 
decreased to *1.33 cc due to the respiration of the animals. Caudina 
survived vigourously throughout the experiment notwithstanding the 
expectation that such high acidity might affect them very badly. 


Table 10. 


Time i 
after I 


Water 


’ i ChMi I Temp pH 

. I_ i 

1 i I 19°. 7 1 .‘{.so 

2 * 4 \ 20°. 0 ; 

j 5 ; 20°. 0 I .2.80 


4 16; 20°. 0 ! 3.90 
6 I 7 ; 19°. 6 I ,2.90 


Meanj - i - j 3-80 


Blood 


Size of animal 


pH 

4.70 

5.20 

5.10 

5.40 


6.08 


COrcontent 
vol % 

BIICO, 

I 1.2.21 0.20 

1 1.2. 1.2 0.1.2 

i 17.10 — 

i 14.0.2 — 

j 15.0.2 ' 

I 14.76 0.20 


i O, Dia- 

content meter 
vol. % (cm') 

1..27 .2.6 

0..52 .2.3 

0.11 .2.1 

, 0.1.2 .2.6 

‘ 0.10 4.0 

I 0.46 j - 


Weight 

(am*) 


56 

CO 

98 

82 


Exp. 9. CO* saturating experiment. 

The condition of the water at the start ,pf the experiment was 
almost the same as in the foregoing experiment. As soon as the 6 
individuals were intooduced into the 5 litres of this water in a closed 
vessel, the stream of CO* gas was passed through till the experiment 
was finished. 

The animal appeared normal, moving their tails for ^ minutes. 
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Daring the next 30 minutes, however, the animals seemed to have 
been narcotized, as movement almost ceased. After three hours the 
animals were much weakened, showing no tail movement. But at the 
time of bleeding they responded markedly to the stimulus of the 
syringe needle, and strongly contracted their bodies. 

The CO, -content of sea water, which was 4.01 cc per 1. in normal 
conditions, increased to 66.06 vol. 96 , and the O* content which was 
5.39 cc per 1. decreased to 0.23 cc by the end of the experiment. 
The increase of CO, in this case might be due, for the most part, to 
the solution of free CO,, and the decrease of O, might partly be 
due to the respiration of the animals and partly to the expulsion of 
O, due to the stream of pure CO,. The pH of the water, which was 
maintained at 8.20 at the beginning, lowered to 5.80 after 10 minutes, 
and it further lowered afterwards, giving pH 5.20, 5.10, 5.00, and 
4.90 after 1, 2, 3, and 5 hours respectively. The following table 
represents the results. 


Table 11. 



T 


1 Water 


Blood 


Si/e of animal 

Case 

No. 

after 

start 

-1 ^ 

Temp. 

pH 

pH 

COrr'onlent 
vol. « 

0,- 

Diu- 



(hra ' 


BHCO, 

Free 

CO 2 

vol. yi 

‘(cm‘ 

I'Rma; 

1 

0 


ll'.« 

8.30 

7.00 

9.49 

- 

1.09 

3.1 

65 

3 

0 


11°. 8 

8.30 

7.80 

o.;n 

— 

1.64 

3.9 

70 

:i 

0 

1 

ll'.S 

H.ao 

7.66 

0,68 

— 

1.09 

3.4 

71 

4 

0 

1 

11°. 8 

8.20 

7.66 

8.88 

— 

1.81 

2.8 

63 

5 



11°. 8 

8.30 

7.00 

8.05 

— 

1.21 

3.0 

69 

Mean 

_ 1 


~ 

8.W 

7.« 


- 

1.85 

- 


e 

i 3 


■ 31*. 6 ! 

6.10 

1 6.30 1 

45..37 

16.09 

0,13 

.’1.4 

70 

7 

i * 

1 

90°.5 

6.S0 

6.30 

69.35 

34.07 

0.16 

3.3 

69 

» 

1 5 

I 

i 

6.30 

4.«0 

46.10 

.30.36 

0.26 

.3.)1 

70 

9 

1 0 

1 

10°.6 

6.35 1 

4,30 

38,61 

40.30 

0.09 

3.3 

76 

10 

^ i 

1 

l»°.«j 

6.SS 

4.»0j 

47,<» j 

84.16 

0.11 

3.3 

62 

Mean 

- 1 


.JIj 


[i2J 

4€.ni 

28.86 

0.15 


- 
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Results and Discussion. 

The blood alkali is one of the important factors concerned with 
the regulation of respiration. This is not only because the blood 
alkali determines the CO, carrying power of the blood but also because 
it relates to the dissociation of oxygen from hemoglobin as it regulates 
the pH of the blood in association with the free CO* in the blood. 

Power (13) made a study on fish and indicated that the alkali 
reserve of the plasma of the blood of the viviparous perch is increased 
by a high CO 2 tension and decreased by a low CO 3 tension of the 
medium, seemingly independent of the pH as such. In the writer’s 
work ( 3 ) the absolute change of alkali in the whole blood was reported, 
and the same is the object of the present experiment. 

In the present work the increase of blwid alkali was studied under 
three conditions, 1 . e. (1) Exposure to air, (2) Breathing in acidified 
water, (3) Breathing under high CO* tension. Of these conditions 
exposure to air produces oxygen deficiency upon most a(|uatic animals. 
In the higher animals in which the regulating mechanism of respiration 
IS developed enough, the oxygen deficiency excites the breathing 
unfailingly. As a result of this excitation an e.xcessive amount of 
CO* evaporates from the blood and decreases the alveolar CO, tension 
and consequently the arterial CO* tension. And hence, the blood pH 
rises, due to a temporal alkalosis until an adequate amount of alkali 
can escape from the blood. But with the elimination of alkali this 
alkalosis recovers and the blood pH returns to the normal level. The 
lower animals, however, seem to have no such regulative power. The 
0 * deficiency stimulates the breathing but in an inappreciable degree. 
But the change of blood pH due to the accumulation of H,COj is 
regulated by the neutralizing effect of the bicarbonate or carbonate 
which IS furnished as spicules, shells, etc. The deficiency of oxygen, 
on the other hand, could be endured by making anerobic respiration 
as IS found on the Oyster (Kokubo, 2). On the blood condition 
under O* deficiency in the Oyster, I reported that* the blood alkali 
increases and the pH falls. From these phenomena I infer that these 
processes must be a regulation to endure the temporary cessation of 
respiration during low tide. If this be the case the fact that the 
increase of alkali varies according to species (CoLUP, 8 ) may be 
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accounted for as being due to the difference in ability of acclimatiza- 
tion to environment. To demonstrate whether this opinion hold true, 
experiments were made on animals which are nearly related in 
zoological order to each other, but differ in behaviour. 

For the purpose of comparison with the studies on the Oyster 
(2), I made, firstly, an experiment on Area which is an inhabitant of 
muddy bottoms and has no fear of being exposed to atmospheric air. 
As can be seen from Table 1, the blood alkali of this animal also 
increases and the blood pH falls very regularly with time during the 
week’s experiment. The amount of blood alkali nearly doubled in 
seven days. Such a rate of increase, however, is incomparably small 
as contrasted with that of the Oyster, in which it increases as much 
as over nine fold in the same duration of time. The blood pH m 
Area showed a striking fall in a week’s time, decreasing from 7.88 
to 6.70, and showed a far greater rate than that of the Oyster. Of 
the two characters, the blood alkali and blood pH, tbe increase of 
the former favours the life condition as it hinders the fall of blood pH 
while the abnormal fall of blood pH affects the animal unfavourably. 
Therefore, it may be said that Area is less furnished with the ability 
of defending itself against this unfavourable condition due to the 
temporary cessation of respiration. These facts are consistent with 
the idea that the Oyster must be better adapted for the same condition, 
as it is habitually exposed to the atmospheric air during low tide. 
While as to Area, it has not so serious a need of this ability as its 
habitat is never exposed to the atmospheric air, and this above 
mentioned ability seems to suffice the need of alkali in enduring the 
temporary cessation of respiration which occurs, if ever, through causes 
other than exposure to air. 

With regard to the Heliocidaris (sea urchin), which 1 have not 
hitherto investigated in this regard, the normal pH and COj-content 
of the body fluid were determined first of all. As will be seen from 
Table 4, the mean value of twenty determinations showed the normal 
pH to be 7.63 and the CO»-content to be 6.10 vol. 9^. This indicates 
that the pH of the body fluid is much lower than that of the sea 
water, in spite of the fact that- its alkali reserve (COj-content) is 
decidedly higher than that in sea water. Consequently it can be said 
that the body fluid of a sea urchin is better buffered than sea water. 
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A comparison of these values in seviffal marine forms (Kokubo, '27, 
'29) shows the following results: 



pH 

COrcontent (vol. 9^) 

Heltocidaris (sea urchin) 

7.63 

6.10 

Caudina (sea cucumber) 

“ 7.79 

8.50 

Area (bivalve) 

7.75 

6.30 

Ostrea (oyster) 

7.39 

4.22 


On exposing Helioddaris to the atmospheric air I have discovered 
that (Table 5) the alkali reserve increases and the pH falls with time 
as is the case with Area. In this case, however, the increase of the 
alkali reserve was but faint giving a rate of about 1.4 fold in eight 
hours time ; while the pH rise was pretty marked, as will be seen in 
Table 5. The oxygen content which was determined along with the 
other factors showed a decreasing tendency with the course of time. 

That this animal might be less adapted to air expo.sure was to be 
expected from its faintness during the experiment. This anticipation 
was realized as the increase of the alkali reserve was found to be 
only a little. 

Another experiment along the same line was made on Caudina. 

In Caudtna the result of exposure to air was rather irregular and 
indistinct. The pH of the blood gradually decreased during the first 
two hours. But from this time on the change became irr^ular and 
the pH differed greatly according to the individual. The alkali reserve 
showed a general tendency to increase with time, except for the small 
discrepancies which seem to be due to individual differences. In 
addition, after throughly exammining these data we note that the 
increase in this case is not a distinct one, because the range of these 
changes exceeds the limit of noihud range (Kokubo, 1927) but a 
little. Although the change was thus unmarked we may possibly infer 
from the present result that in Caudina also the blood pH falls and 
the alkali reserve increases due to the exposure to air. 

When compared with Helioddaria, this animal Wes in shallower ' 
water and sometimes dwells beyond low tide mark. Con»eqiiently» it 
often has to cease normal respiration daring low tide. In this Conner 
tion it might need more alkali reserve than Hdioddaria. It is probaUe, 
however, that Caudina may respire throu^ die body skin, as was 
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Stated by Wimtsbstbin (1921) with regard to aoaie HoUdkuroidea. 
The circiibtion of coelomic blood m Cawdima (Yazaki, 1990) seewis 
to sufi^est the poseibUtty skin respiration in this animaL If such 
be the ease, the reason why this aninud has less alkali reserve than 
Hdioddaris, which is not adapted for exposure to air, can readdy be 
recognized. 

Having thus discussed the experiment on exposure to air, we may 
now pass on to the results of the experiments made by exposing the 
animal to acidified water. In my former paper I reported that in 
the Oyster the H-ion penetrating from breathing water into the blood 
increases the hiood bicarbonate at a great rate. This is seemingly 
contrary to the same case of the blood of higher animals in which 
invasion of the H-ion liberates the CO* from bicarbonate and decreases 
the blood alkali. This apparent discrepancy is, however, granted by 
conceiving that the H km which invaded into the circulatory system 
of the Oyster firstly neutralizes the blood bicarbonate, but then it 
dissolves the sh^l carbonate, evolving CO«, and in the presence of 
this COf, the shell carbonate becomes calcium bicarbonate. Therefore 
we may say that the H ion, i. e. acid, in this case might serve in 
producing CO«, and in virtue of this COt the blood bicarbonate is 
increased. To see whether this is also the case with other forms and 
to see what difference could be found if the materials varied, several 
experimwts have been made. 

Ana lowers its blood pH markoily by breathing m acidified water 
for five or more hours. Table 2 shows the lowest value attained to 
be 6.70 in Exp. a, and 6.80 in Exp. b. The fact that the blood pH 
fell lower in Exp. a, in which the water pH was held comparatively 
higher, may be due to the difference of behaviour showed by individuals. 
In Exp, b, the animal dosed its shell for a long while due to the 
stimulus of the high acidify of the water, so that the blood pH may 
have been kept a little higher than in Exp. a. 

The CO* cdirtent increased in eithw trf these two experiments up 
to 1.7 to 2.0 fold of the initial content. The Ot content, on the othor 
band, showed a decreasufy tendency. In short, tl»se results agreed 
with vdtot was fmai in the Oyster (2). 

The results obtained on Hdioddaris (Table 6) followed dosdy 
(hole Area. Th© COh-conteot, which maintained a normal value 
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at the start, became about two fold as much as the initial value in 
one hour’s time. After this it increased more and more, attaining to 
22.1 vol. 96 ; that is, about 3.7 fold of the normal content, at the end 
of the experiment. The pH of the coelomic fluid lowered with time, 
showing 6.20 and 5.80 in 1 and 2 hour’s time respectively. Thereafter 
the lowering became slow and showed 5.40 after 4 hours, indicating 
no more rise thenceforth. Comparing these results with those of Area 
one will note that both the change of pH and COj-content is much 
more marked in Helioadaris than in Area. The speedy rise of the 
COj-content of the coelomic fluid may be considered as due to the 
rapid solubility of the shell carbonate. 

As for Caudtna (Table 9) the increase of COa-contenl was less 
marked than in Helioddaris and showed a rough approximation to 
that of Area. It seems to be noteworthy that in this animal the 
increase of blood alkali was for the most part accomplished in three 
hours time, and after this, the increase* became somewhat irregular. 
The oxygen content of the blood decreased with the course of time 
in contrast to the change of COj-content, and showed a parallel relation 
to the pH change. The lowering of blood pH was also very marked 
within three hours, and thereafter the change became a little irregular. 

In short, any of these three invertebrates increases the alkali, and 
decreases the pH and (X-content by breathing in acidified water for 
several hours. The increase of alkali in this case may be thought to 
be due to the bicarbonate which is formed by the action of CO, upon 
calcium carbonate. For the CO,, the action of HCl upon calcium 
carbonate may be responsible. 

With regard to the experiment which was made under high CO* 
tension, the increase of blood alkali in invertebrates was previously 
expected from what was found on 'the Oyster (2). But on Cyprinus 
the problem of blood alkali under the high CO, tension may become 
more intricate. Within the physiological range of CO, tension, the 
blood alkali will increase with the rise of CO, tension, as can be 
understood from the ordinary CO, dissociation curve. According to 
Y. Henderson’s (14) experiments which were made on dogs’ blood, 
the amount of alkali produced in the whole blood reaches its maximum 
somewhat below 440 mm. 

From the above conception, I expected that the blood alkali of 
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Cyprinua might be increased to some extent if the CO* tension of 
water should be raised. But contrary to this expectation there has 
not been found any increase in blood alkali, as can be seen in Table 
1. In this regard I am reminded of Haldane’s (17) statement that 
a several hours’ stay of man in air containing 5 to 6 percent of CO* 
was also not sufficient to increase appreciably the available alkali of 
the blood, although the titration acidity of the urine was increased. 
This means that even unusually high tension of CO* is incapable of 
increasing blood alkali on account of the regulative power of respiration. 
The presumption that such might also be the case with the present 
investigation may be elicited from the results given in Table 1. 

From Table 1, one will note that the pH of the blood of Cyprinus 
decreases with the pH of water, attaining at last to 6.67 in mean 
value. As to the CO*-content, however, there has not been found 
any appreciable change in mean value, although each individual value 
showed some minor increase or decrease. This signifies that the 
blood shows acidosis in which the pH is lowered but the alkali remains 
unchanged. But at any rate the fact that the COo-content docs not 
increase in spile of rise of CO* tension is seemingly contrary to the 
general rule which tells us that a rise of CO... tension changes the 
distribution of sodium between cell and plasma and consequently in- 
crease the COo-content. The question whether this immobility of blood 
alkali has some connection with the regulative power of respiration, 
may only be solved by a further detailed invt-stigation 

Contrasted with the results obtained on Cyprinus, the effect of 
high CO, tension upon the blood alkali of Area has been found to 
be very marked. As is seen in Table 4, the blood pH fell markedly 
within 6 hours, showing a mean value of pH 6.25. The COj Content, 
on the other hand, increased remarkably, attaining at last about 3.9 
fold of the normal value. As has been repeatedly staled, such a 
prominent increase of CO, -content may doubtlessly be attributed to 
the bicarbonate' generated from the shell carbonate. In contradiction 
to the increase of CO, -content, the O, content of blood decreased very 
markedly, giving about a half of the normal value at the end of the 
experiment. Such decrease, however, may reasonably be explained 
by understanding that the oxygen dissociation curve of the blood 
flattens as the CO, tension increases. 
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In HeHockUms also the effect of the high CO, tenskiii w»s very 
mariced, and showed a similar tendency as in the case of Area. The 
pH of the coelomic fluid feU with time, giving 5.90 at the end. The 
bicarbonate of the codomk fluid increased up to 51.5 vol. % in mean ; 
i. e., about 8.6 fold of the normal value. As can be seen in Table 8* 
free CO, also increased, occupying about 27^ of the total CO,-content. 

The effect of the high CO, tension upon the blood alkali of Caudina 
was almost similar to the preceding two ^jecies in general trend. 
The blood pH lowered to 4.90 in seven hours time. The bicarbonate 
content increased at a great rate, attaining at last about five fold of 
the normal value in mean. In comparison to Hdioetdaria, the increase 
of free CO, was much more marked, giving 26.98 v(d. 96 ; i. e„ about 
37 % of the total CO, -content. The oxygen content of the blood 
decreased as in the case of Area, probably according to the effect of 
CO, tension upon the oxygen dissociatwn curve of the blood. 

I.x>oking through all the experiments, except in Cyprinus in which 
a quite different result was obtained, we can conclude that any of the 
three experimental conditions; i.e., (1) Exposure to air, (2) Exposure 
to acidified water, (3) High CO, tension, increases the alkali reserve 
of the blood or coelomic fluid. Of these three cases, however, the 
high CO, tension was most effective, and air exposure was most in- 
efficient. On Heliocidaris and Caudina a marked increase of free 
CO, in the blood due to high CO, tension was observed, but in the 
case of acidified water such increase of free CO, seems to be very 
slight. In contrast to the increase of alkali, the O, content reduced 
decidedly by the same causes. This hints that the low pH of the 
blood flattens the oxygen dissociation curve of the blood. As regards 
the blood pH, it was observed that th^e three experimental conditiems 
equally lowered the pH, though the lowering due to high CO, tension 
was by far more rapid than that caused by the acidified water or 1:^ 
exposure to the air. 


SUMMARY 

1) The change of the alkali reserve <rf blood due to respiratary 
conditions in fish and marine invertebrates has been investigated. 

2) In Cyprinus there has been found no change in alkalj reserve 
due to respiration in water of high CO, tension. 
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3) Area, Helieeidoris, and CatttHna nuofcedly increase the alkaU 
reserve of the blood or codomk fluid by breathing in water of high 
COt tension or acidified water, or as they were exposed to the atmos- 
pheric air. 

4) The rate of the increase of alkali reserve was the greatest 
under high CO* tension and smallest under exposure to the air. 

5) The pH of the blood or coelomic fluid was lowered by any of 
the above experimental conditions, 

6) With the lowmng of the pH of the blood or coelomic fluid 
the oxygen content of these fluids decreased decidedly. 

7) Among the three invertebrates studied, the increase of alkali 
reserve due to exposure to the air was most remarkable in Area and 
least in Candina. 

8) The increase of blood alkali, within 7 days, in Area (2 fold) 
due to the exposure to air is much less than that observed in the 
Oyster (9 fold). This seems to suggest that the Oyster is better 
adapted for the exposure to air than Area, as the natural habitat of 
the former is often exposed to atmospheric air, while that of the 
latter is never exposed. 

The author takes this opportunity of expressing his hearty thanks 
to Prof. S. Hatai for his kindness in criticizing the results of the 
present investigation. 
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I EINLEITUNG 

Die Gesfhichte der Leuchtsymbiose der Fische isl iiberhaupt eine 
recht kurze. Als Erster exkannte Harvey 1921 die Einschliisse in 
den gedffneten Leuchtorganen von zwei Arten der in Atollen der 
Bandainseln lebende Fische, Anomalops und Photoblephalon, als I.rf!ucht- 
bakterien an. Es gelungen ihm, die Bakterien auf kiinstlichen Nahr- 
bbden zu ziichten. Aber wei! die Kulluren nicht geleuchtet waren, 
bezeichnete map die Entdeckung Harveys noch bis vor einigen Jahren 
als eine nicht unzweifelhafte Tatsache, aber dass seine Angabe richtig 
war, wurde spater (1928) durch von Yasaki gemachte Arbeit iiber 
die Monocentris japonicus (Houttuyn) mitlerbar bestatigt. Durch 
eine bakteriologische Untersuchung hat Yasaki in den Leuchtorganen 

' ' Contributions from the Marine Biological Station, Asamushi, Aomon^ken. No 59, 
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dieser Fischart die symbiontischen Leuchtbakterien gefunden. Da 
Anomcdops und PhtOoblephalon eigentlkh nebst Monoeentris syste- 
matisch die von derselben Gruppe sind, und zwar ihre Leuchtorganen 
sehr gleich gebildet sind, ist es sehr schwierig, bei jeder der oben 
genannten drei Fischarten die Lkhtproduktion ganz verschieden zu 
bemerken. 

Physictilus japonicus Hilgendorf, zu Gadidae gehohrig, lebt iiberall 
in Seen nahe der Kiisten von der nordlichen Halfte des Zentral 
Japans. Franz, der eine ausfiihrliche Angabe iiber diese Fischart 
gemacht, errcgte sich eine Aufmerksamkeit auf eine am Bauche be- 
findliche, schuppenfreie, schwarzgefarbte Scheibe und fand unter der- 
selben im Muskcldeisch eine schone Driise aber ausserte er sich nur 
mit den Worten, dass „ ich keine Vermutung aufstellen kann.” 

Nun ist doch die obige Frage mit dieser meiner Arbeit zur iJisung 
gebracht. Die Driise ist denn tatsachlich ein Leuchtorgan, die in sich 
symbiontische Leuchtbakterien enthalt. Hier ist iiber dem Leuchtorgan 
von Phystculus japonicus sowie ubm- zwei neue Arten von Leucht- 
bakterien, die bei diesen Untersuchung gefunden wurden, berichtet. 

Im Gegensatz zu dem Leuchtorgan der Physiculus japonicus in- 
teressiert mich die Resultat des Versuches Hickungs iiber dem 
Leuchtorgan der Malacocephalus laevis, dass das Organ keine Leucht- 
bakterien enthalt, sondern eine I^uchtsubstanz ausscheidet. Auf dem 
Kicklings Bilde ist das leuchtorgan der letzteren fast in derselben 
Stelie und von derselben Struktur wie bei der ersteren. Ware es 
nicht wunderbar, dass die Organen dieser zwei so naheverwandten 
Fischarten, die sogar von gleichen Strukturen sind, sich nur in der 
Lichtproduktion ganz verschieden verhalten? 

II. TIERMATERIAL. 

Das Tiermaterial in dieser Untersuchung wurde in November 1929 
aus dem Golf „ Mutsu ” herausgeangelt, und war noch eine Woche 
im Aquarium im Asamushi Marine-Laboratorjorn fi^r Biologie lebend 
gdassen, inzwischen wurde bei diesen lebenden Fischen beobachtet, ob 
sie wirklich aus ihren Leuchtorganen ausstrahlten, und dann Zikhtung 
der Leuchtbakterien aus dem Leuchtorgan u. a., Fhierung der Organen 
fiir Schnittenpraparate und alles, was nur bei lebenden Fischen gemadit 
vrerden kbnnte, wurden ganz ausgefiihrt. 
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UI. LEUCHTORGAN. 

Wie schon in Einleihtng «rwahnt wurde, ist die Fischart charac- 
terisiert durdb die kleine, an Bau<dte gdegene, schuppenfreie, schwarze, 
runde Scheibe, die vor dem After in der Medianlinie liegt. Wenn 
die Bauchwand an der Scheibe gebffnet wird, findet man im Muskel- 
fleisch derselben eine schone herzformige Driise eingebetet. Umgeben 
ist die Driise von einer harteti Kapsel, wo sich schichtweise massen* 
hafte Chromatophoren befinden. Ein Ausfiihrungsgang verlauft von 
dem Hinterteile der Driise aus durch das Muskelfleisch der Bauchwand, 
urn endlich im Rektam, nahe der After zu miinden. Das Leuchtorgan 
von Phyaiculus japonicus bestehl aus den drei Bestandteilen : die 
Scheibe, die Driise und ihr Ausfubrungsgang. Die Grosse der Scheibe 
und die der Driise sind je naoh der Grosse des Fisches voneinander 
abweichend, aber dieses Verhiiltnis bricht zugunsten der kleinen Fischen 
ab, z. B. die Scheibe des Specimens von 37 cm besitzt das Durchmesser 
von 4.0 ram, die des Specimens von 15 cm aber das von 2.5 mm , das 
Erstere hat die Driise von der Ijinge 6 mm, das Letztere dagegen 
die von der Lange 1.0 mm. 

Fciner Bau des Leuchtorgans. 

Fiir Schnittenpraparate wurde das Leuchtorgan mit dem aus See- 
wasser hergesteliten BouiN’achen Gemisch fixiert. Das Stuckchen 
wurde im Paraffin eingebettet und in dei- Dicke von 4 -8 /< geschnitten. 
Diese wurden durch die Dopperfarbung, wo z. B. HElDENHAiN’sche 
Hiimatoxylin-Orange G oder DEiJiFiELo’sche Hamatoxylin-Eosm benutzt 
werden, gefarbt, aber besonders zur Demonstration der Bakterien in 
der Driise kamen dazu einige bakteriologische Farbungsmittel. 

Die Driise besteht hauptsachlich aus radiar gestrerkten Schlauchen, 
die sich je nach der Stelle verschieden entfaitet hnden ; sie sind am 
besten an den ventrafen und hinteren Regionen der Driise entwickeh 
und am Riicken, relativ weites Luhmen umfassend, aber am wenigsten. 
Die Wandung Hfca Schlauches besteht aus einer einfachen Schicht von 
kubischen Ikriisenzellen, mit Ausnahme von der Wandung des Fundus, 
die mit gdiaafter Zdlen verdxdit ist. 

Der Wand des ScMkucbes imtlang, findet sich eine grosse Menge 
von koidceiifSnnigmi Mikroor^nismen, die (in manche Kliimpchen, 
etwas grbsser als die DriisenzeUe, emgetedt sind und an Driisenzellen 
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zusammenkleben. Behandelt man diinne Schnitte mit Hamatoxylin-Eosin 
und betrachtet man diese unter der starken Vergrosserung, so erkannt 
man, dass jedes Kliimpchen von Baktenen mit einem an freien Ober 
flachen der Driisenzellen angeklebten Siickchen eingehiilit ist. Die 



Fig 1, Langaschnitt durch die I^uehtorgan von Phyiticulua japtmicus < eiwaa 
schematiseh) Ausf AuofUhrungsgang; />r Drtlsc, Bp. Epithel, /Sfr/- Btnd fibril- 
lare< Bindegowebe zwischen der Drllse und dem Hautepithel, Kap a Sussere 
Schicht der KapRel, Kap t innrie Schitht der KapscI, Mui. Muskelfleisen der 
Bauchw.ind . Off rtffnung des AusfUhrungsgani;*:, R Rcklum; Scketb schuppen- 
freie, schwarze Scheibe am Bauch; Schup Schuppen; o. Gefiis (^Vergr x24') 

Wand des Sackchens ist sehr diinn und farbt sich bei Eosin rot. 
Ob es gleich bei der gebrauchteten Farbungsmethode ausser Bakterien 
keine Substanz nachweisbar ist, ware es doch nicht unwahrscheinlich, 
dass darin irgend eine Substanz 'zur Ernahrung dor Bakterien vor 
handen sein sollte. 

Die Sackchcn sind im grossten Teil des Schlauches vollstandlich, 
wahrend in der Nahe der Mtindung so zerrissen sind, dass Kliimpchen 
der Bakterien im Driisenraum frei getrennt sind' Wenn wir auch 
keinen zuverlassigen Grund haben, wodurch wir die Ursache des 
Entstehens von Sackchens erklaren kbnnen, so kdnnen wir doch soweit 
sagen, dass es sich weder um eine direkte Produktion der Bakterien 
selbst, noch um cine Abanderung der Driisenzellen handelt. Und 
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wir kormten mit einiger Sicherheit glauben, dass die Sackchen nichts 
anders als die durch den Reiz der Bakterien auf der Oberflache der 
DrQsenzenen gebildeten Vorspriinge waren. Es sind natiirlich die 
festen Grenzmembrane, die dein Eintritt der Bakterien in die Zellen 


■t 




b 

Fij!. 2 iWckchen und Bakterien in der Schkuche Bci A sind 
Bakterien von Sackchen vollsUndig cingehiillt Bei B Kind die SSckrhen 
zerniuen. 1> Bakterien; s Skckrhen: z DrUsenzellen. (Vergr. xk'OOO.j 

verhindern, zwischen Zellen und Vorspriingen gebildet. Ja, tatsachlich 
sind bei der exakten Retrachtung der Schnittenpraparate keine von 
Bakterien befallenden I>rUsenzellen tu finden 

Alle Schlauchen miinden in einen Lumen, der im vordei -oberen 
Teil der Driise liegt, und von dessen Vorderende der Ausfiihrungsgang 
ISuft; dieser verlauft geradehin durch das Muskelgewebe der Bauch- 
wand und mundet endlich im Rektum, nahe an dem After. Das 
Epithd und iiberhaupt die Schleimhaut des Ausfiihrungsgangs zeigen 
im Querscbnitt starke Langsfalten, noch dazu finden sich in der Nahe 
vom Driisenlumen einige parallel laufende schmaie Schlauchen getrennt 
»L Mit jeder Annahming zu der ^nung vermindelt sich der Aus- 
fShnmgsgang ailraahlich ait Zahi der Scheibenwand, so dass sie end* 
lich unbemerkbar wira*. . 

In dor Kapsd der Driise sind swei verschiedene Schichten, die 
hwere gnd <he kitssere, voneinander su unterscheiden. Die Erstere 
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besteht aus wellig gekriimmten feinen Fibrillaren, die einander fast 
parallel geordnet sind und sich mit Hamatoxylin-Eosin rot farben ; in 
dieser Schicht finden sich zahlreiche Chromatophoren. Die Letztere 
dagegen besteht aus einer Durehflechtung von etvvas dickeren Fibril- 
laren, die niu'h vers<’hiedenen Richtungen des Raumes raufen, d. b. 
aus den kollagene Fibnllenbiindeln. Diese Fibrillenbiindeln farben 
sich mit Hamatoxylm-Eosin braunhch-rot. 

Zwisohen der Unterseite der Driise und der Haut liegt ein Bindt*- 
gewebe, das aus im Holizon parallel geordnelen, feinen Fibrillaren 
besteht. Hior ist das Korium diinner und es fehit an Sehuppen. 
Die Bauchsiheibe ist nur die Aussenseite des Bindegewebes. 

Bei lebenden Fis<'hen ist das Bindegewebe etwas durchsichtig und 
siheint wie die Linse zu wirken, aber tatsachlich ist es nich der Fall, 
well Chromatophoren nicht nur im Cewebe, sondern auch zwisohen 
dem Gewebe und der Druse enthalten sind, und /war es keinc Vor- 
riohtung gibt, womit Chromatophoren versetzt werden sollcn. Ja, in 
der 'I'at sahe ich bis jetzt niemals die Driisc sichthar in der Natur 
nach aussen ausstrahlen, es gelang mir nicht auch alle Versuche, im 
Aijuarium von Organen der Fische sowohl durch niechani.sche als 
auch durch chemische Reizung Licht ausstussen zu lassen. Demzufolge 
kam ich zu der Ansicht, dass dieses Organ wahrscheinlich durch den 
Ausfuhrungsgang hinaus eine Masse von den Lt'uchtbaktorien ins 
Rektum hinausfiihro und durch den After in Seewasser ausspiicke, 
urn eine leuchtende Wolke zu bilden. Dies ist aber die Meinung 
experimentell gar nicht bewiesen. Folglich rnii-sste ich auf den Vor- 
wurf erwarten, dass es voreilig ware, die Driise als Leuchtorgan zu 
bezeichnen. Aber die Tatsache, dass die Driise in sich symbiontische 
Ix-uchtbaktenen enthalt, wiirde sicher vom genug triftigen Grund sein, 
urn diesem Vorwurf entgegenstehen zu kdnnen. 

IV. BEOBACHTUNG UND EXPERIMENT DES 
INHAI.TES DER DRUSE 

Schneidet man mit dem Messer eine frische Driise in zwei Teiie 
ab, und sie im Durtkel zu bcobachten, so sieht man die Schnitten- 
fl^he prachtig griinlich-blau beleuchten. Wenn man fest ein Stiick 
der geschnittenen Driise mit einem Pinzett fasst, so driickt sich ge* 
presst eine geringe Menge des leuchtenden Scblammcs von der 
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Schnittenflache aus, woven seine Emulsion unci seme Hangetropfen- 
piiiparate hergestellt werden. Den Rest fasst man, die Schnittenflache 
naeh unten, mit einem Pinzett und driickt ihm zur Herstellung der 
Tupfpraparate loicht auf eine Objekttrager aus. 

1) Beobaciitung des Schlammes im Tupf- und Hangetropfen- 
praparate. 

Das Tupfpraparat wind mit dem ZiEi/schcn Fuchsin odei dem 
Gentianaviolett gefarbt. Es sehen so zahlreic’he Bakterien aus, als ob 
sie eine Keinkultur der Kokken waren ; iibrigens sind sie mit wenigen 
zelhgen Flemmen gemischt. 

Haingelropfenpraparat wird von dem Schlamm mit Seewasser oder 
3 proz. Kochsalzlcisung hergestellt. Die Kokken zeigen keine Eigen- 
bewegung. Im Dunkelzimmer kann man das Leuchten der Kokken 
unter dem Mikroskop wahrnehmen. 

2) Experiment der Emulsion des Schlammes. 

Etwa 2-platinse Menge von Schlamm wird mit Platinnadel auf dc-r 
inneren Wand des Proherohrehens fein /.erreibt , lOccm 3 pro/. Koch- 
salzidsung wire! hierauf g<*gossen und das Rohrehen wird kriiftig ge- 
schiittert ; .so wird eine Emulsion des Schlammes gewonnen. Anfangs 
Icuchtut diese gaze Emulsion, aber spater leuchtet nur die Schicht, 
welche mit Luft beruhrt. Aber durch Erschiittefung kommt der 
friihere Zustand wieder zuriick Diese Erscheinung bedeutet, class 
zum Leuchten der Emulsion die grdssere Menge von Sauerstoffe not- 
wendig ist. 

Die leuchtende frische Emulsion wird 30 Minuten (3000mal per 
Minute) zentrifugiert ; so versinken die Bakterien und die zelhgen 
Flemmente in Boden des Glasrbhrehens vollstdndig. In diesem Zu- 
stand ist keine Licht zu linden. Die klare Fliissigkeil davon wird 
hinauf in anderes Rohrehen sorgfaltig gegossen und geschiittert Aber 
diese Fliissigkeit bringt kein Licht. Der Bodensatz im ersteii Rohrehen 
dagegen erschiittert ein starke.s Licht au-sstriimen. Aus diesem Ex- 
periment begrevEt man, dass ausser den Bakterien gar keine Leucht- 
substanz, wie sie im Wasser Ibslich ist, im Schlamm vorhanden ist. 

Wenri man diesmal statt der 3 proz. Kochsalzlosung das deslillierte 
Wasser gebraucht, verliert die- Emulsion auf der Stelle das Licht. 
Dann um die Emulsion 3 proz. Kochsalz enthalten zu lassen, wird 
eine gleiche Menge von 6 proz. Kochsalzlosung tropfenweise hinzu- 
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gefiigt, aber sie findet sich wieder durchaus nicht schimmemd ; d. h. 
sie hat das Leuchtvermogen auf immer verloren. 

Darauf wird nun umgekehrt behandelt; d. h. dem Elmulsion mit 
3 proz. Kochsalzldsung wird destilliertes Wasser tropfenweise gegossen. 
Je kleiner die Salzkonzentration im Malium wird, je schwacher wird 
das Leu<;hten, und wenn die Menge der mit destillierten Wasser ge- 
mischte Emulsion 3-4ma] so vie! als friiher betragt, so kommt endlich 
das Leuehten ganz zu Ende. Die Erscheinung ist aber bier nicht 
eine solche, wie sie ewige Verlust des l^uchtvermdgens bedeutet, denn 
das I^euchten wird dann zum Vorschein komme, wenn sich durch die 
Hinzusetzung von Kochsalz die Salzkonzentration im Medium vermehrt. 

Diese Verhaltnisse von Sauerstoff und Kochsalz zum Leuehten des 
Schlammes wiirden beweisen, dass der leuchtende Schlamm eine Masse 
von leuchtenden Mikroorganismen sem sollte ; worauf es aber beruht, 
sei spater erwahnt. 

V ZOCHTUNOSPKOBK DKK LEUCHTENDEN MIKROOKC.ANLSMEN. 

1) Die Ziichtung aus dem Driise. 

Schon durch obon erwahnte Beobachtungen und Experimente wird 
es fast bestatigt werden, dass der Inhalt der Driise aus kokkenartigen 
Bakterien hestehl die das Leuchtvermogen haben, aber um es zum 
entscheidenden Beweis zu bnngen, werden die Bakterien aus der 
Driise hinaus auf kiinstlichen Nahrbdden zu ziichten versucht. Die 
Ziichtung wird durch folgende Methode ausgefiihrl ; die Driise wird 
mit sterilisierten Instrumenten herausgenommen, wiederholt in 3 Proz. 
Kochsalzldsung gespiilt und mit dem sterilisierten Messer gedffnet ; 
von dem Inhalt wird mit der Platinnadel auf Nahrbdden abgeimpft 
Als Nahrbdden gebraucht man Hattori’s Nahrboden fiir die Leucht- 
bakterien und Fleischbouillonagar' und -Gelatine mit 3 proz. Kochsalz 
verwendet. Die Rcaktion der Nahrbdden wird mit Zusatz von 1/5 
N.-Ldsung der Kalilauge auf pH — 7.0 eingestellt. 

Bei 30 Individuen der Fische, je 2 Ziichtuagen aus einer Driise^ 
werden bei Zimmertemperatur nach 24 Stunden 60 ^tamme der stailte 
leuchtenden Kulturen gewonnen. Alle Stamme sind sdion bi«r ganz 
rein, und bei strengen Priifung werden sie bestatigt, dass sie zu dtf 
selben Art der Leuchtbakterie gebdhren, und zwar dass diese Art tie 
recht neue ist 
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2) Die Ziichtung aua dem Darmgang. 

Weil der Ausfiihrungsgang der Driise im Rektum miindet, so 
wiirden die symbiontischen Leuchtbakterien ins Rektum gefiihrt werden 
um endiich durch den After nach Aussen ausgescheiden zu werden. 
Hier entsteht eine Frage, ob zuweilen ein Teil der ins Rektum ge- 
fdhrten Bakterien hinauf im Darmgang gediehen. Um diese Frage 
zu losen, wird die Ziichtung der Leuchtbakterien aus dem Darmgang 
versucht. 

Die Rauchwand wird herausgeprapariert, und an der neun Stelle 
wie in Fig. 3 geszeichnet, wird der Darmgang mit dem Garn fest 
zusammengepresst, um die Bewegung oder den Ausfluss des Inhaltes 
zu verhindern ; dann wird der Darmgang aus der Bauchhbhle heraus- 
genommen und in eine sterilisierte Schale verlegt, wo wiederholt mit 
der 3 proz. Kochsalzidsung gespiilt ; darauf wird die Wand mit einem 
sterilisierten Messer geoffnet; vom inhalt wird 1/i der Plantinose 
herausgenommen und in geloste Nahrgelatine gemischt, in die PETRischc 
SchaJe gegossen und bei Zimmertemperatur erhalten. 



Fijf. H In der Figur sind die bei der ZUchtung»probe der Bsklerien 
aus dem Darmgang mit dem Cam zusammengepressten Stelle ^1-9) zu 


Nach 36 Stunden fangen die leuchtenden Kolonien bei blossen 
Augen skhtbar zu werden an. 'fabelle 1 zeigt die Zahl der leuchten- 
den Kolonien nach zwei Tagen. 

Durdi filter angestellfen ist es gewusst, dass die Gelatine ver- 
fliissigenden Kofdnien zu einer banalen leuchtenden Wasservilwione 
gelftShroi, wahrend die Gelatine nicht verfliissigenden Kolonien zu 
dem symbiontischen leuchtenden Micrococcus gehiihren. 

D«r Erfolg da* Untersuchunl; l^t, dass swh die symbiontischen 
Leuchtbakt^ien im Leucbtoigan auch im Rektum befinden. Dieselben 
sbul abet sdir geringer Zahl und um in der begrenzten Gegend der 
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Tab. I. Ziichtungsversuch der Leuchtbakterien aus 
dem Darmgang. 


Zahl der Icuchtenden Kolonien aus dem DarmgonK. 



J-2 

2-.-» 

■•{-4 

4-ri 1 

iLfi 

1 C-7 

7-8 

8-9 

»- 

Vnrxuch 1 

- 

- 

- 

- 

-- 

{ 

- 

a 

0.T 

12 

69 

Vcrsuch 2 

- 

- 

- 


- 


57 

8 

75 

11 

103 

Vcrauch .‘1 

- 

- 


- 


- 

2;5 

1 6 

12 

2B 

11 

\' crouch 4 

- 

- 

- 

- 

- i 

- 

1 17 

30 

3 

70 


In der obigen Tabelle /eigen die dirken .Sehnften die Zuhl der die Gelatine 
nieht verRUssigenden Kolonien, und die femen S<hriften diesclbi* der die Gelatine 
\erflUsMgonden Kolonien 


Miindung des Ausftihrungsgangs vorhanden, daraus folgt, dass diese 
Bakterien nicht regelmdssig im Rektum gediehen sein. 

Ich habc zwar leider nichts dariibor zu entscheiden, ob die zugleich 
geziichteten Leuchtbakterien im Rektum der Fische zu wohnen pflegen 
Oder sich zufallig im Rektum der vier zum Experiment gebrauchteten 
Fisohe sehen liessen. Aber weil men dieselben Vibrionen entweder 
aus der Oberflache der Leiche der Fische oder aus Meerwasser ge- 
ziichtet sehen kann, sind sie Vibrionen eigentlich als eine Art der 
saprophytisehen, banalen, leuchtenden Wasserbaktenen zu gelten. 

VI MOLPHOLOGISCHE UND KULTURELLE VERHALTEN 
DER GEWONNENEN LEUCHTBAKTERIEN 

1) Symbiontisc-he Leuchtbakterien (Micrococcus Physiculus n. sp.). 

60 Stamme der symbiontischen Leuchtbakterien, die je zwei aus 
30 verschiedenen Leuchtorganen geziichtet, zeigen dieselben morpholo- 
gischen und kulturellen Verhalten. Auf BouiJlonagar oder Bouillon- 
gelatine die Stamme senden alle ein so iotensivjes, griinlich-braues 
Licht aus, dass man es auch bei Tage im dunklen Schatten leuehten 
sehen kann. Wenn die Bakterien bei jeder vermehrten Generation 
auf kiinstlichen Nahrboden geziichtet, zeigen sie, obgleich in Leucht- 
organen kokkenfdrmig gestaltet, eine Neigang, zu kleiner kurze Stab- 
chen zu andern, z. B. erste Kulturen ist der grdsste Teil der Individuen 
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kokkcnformig gestaltet, aber in Kulturen ISter Generation (eine Genera- 
tion daucrt eine Woche) sind aber Stabchen srhon beherrschend. 
Diese Umgestaltung der Individuen iedoch hat koine Veranderung der 
anderen morphologischcn und kulturellen Verhalten im Gefolge. 

Die Kokken haben das Durchmesser von 1.0 bis 1.5 ; die Stabchen 
haben die l..ange von 1.0-1.5/^ und die Breit von 0.7-1.0/i. Die 
Bakterien zeigen keine Eigenbewegung ; bei Geisselfarbung nach L6 fp- 
l.ER und Zettnow kamen keine Geissel hervor. Die Bakterien farben 
sich mit gewohnlichen Anilinfarbe gut, aber nicht bei GKAMMscher 
Farbung. Bei Karliolfuchsm treten Vakuolen auf. 

Gelatine wird nicht verfliissigt. Auf Gelatineplatten biiden die 
Bakterien die Kolonien, die anfangiich von der ganz runden, glatten 
Form, spater unregelmassig gelappt und gelblichweiss sind, und um 
die Kolonien lassen sich bisweilen eine gehaufte Ablagerung von 
Kristallen Ix'merken Oberflachen- und Tiefkolonien unterschciden 
sich nur an der Griisse voneinander. Die aufliegenden Kolonien auf 
der Agarplatte sind rund, scheibenartig und ganzrandig, bei auffallen- 
dem Licht scheinen sie weiss, aber bei durchfallendem Licht am 
Zentrum gelblich und am Rand weisslich aus ; die tiefiiegenden Kolonien 
sind dagegen viel kleiner, spindelformig und gelblich. 

lift Bouillon biiden alle Stamme keine Hautchen ; anfiinglich werden 
die Bouillon gleichmassig getrdbt, aber spater allmahlich klarer; 
Bodensatz massig, weisslich, Koharenz gering ; Indol ist nicht gebildet. 

Dextrose, Mannose, Galactose, Maltose und Lavulose werden mit 
Saure- und Gasbildung von alien Stammen vergoren, l,actose und 
Saccharose aber nicht. 


Tab. II. Zuckervergarung der Micrococcus 
Physiculus-StAmme. 


SUmm 

Dextroie 

Lactosp 

Mannose 

Galact- 

Maltose 

Lk\ ulose 

.Sacrhar- 

Micrococ. Pbys. 1. 

rot, Ga» 

violett 

rot, Gas 

rot. Gas 

rot. Gas 

rot, Gas 

violett 

.. 2 

.. 


.. 


.. .. 


.. 

M 3. 

.. a. 

„ M 7. 


It ^ 

I I 

I 



„ 



Zur Priifung der Zuckervergirung wird getvohniiche Fleischbouillon, 
mit 3 proz. Kochsalz und mit der einzigen Zuckerart gemischt, und 
mit Lachmuslosung gefarbt. Die Kulturen werden bei IB’-ISHII. ge- 
halten, und taglich m einer Woche beobachtet 

In Bezug auf die Alkalitat der Nahrboden hat der Microcsoccus 
eine ziemlich grosse WachstumslM-eite. Bei pH =50 fangen erst alle 
gepriiften Stamme zu wachsen und zu leuchten an. Bei pH =6.5-85 
gedeihen sie am grossten und leuchten am starksten ; bei pH =9.5 
kann man noch, obgleich immer weniger, das Wachstum und das 
Leuchten sehen. Ein BeispieJ ist im labelle III gezeichnet. 


Tab. in. Alkalitat, Wachstum und Leuchtvermogen bei 
Micrococcus physiculus. 



pH= 1 


„H=- 


pH- 

pH - j 

pH — 1 

pH - ! 

pH- 

pH- 



4.r, 

5 0 

5..*. 

6.0 1 

6.6 1 

7.0 

7.5 1 

8.0 

S.6 

9.0 

9.5 

Wachstum 

! 

+ 

+ 

++ 

4+ 

m 

m 

1 

++ 

++ 

+ 

Leuchten j 

i 

1 + 

+ 

+t 

m 

m 

• 

1 

« 

« 

4+ 

+ 


Das Optimumtemperatur fur Wachsen und Leuchten bleibt bei 
15°-18“C. Die Micrococcus haiten gern im niederen Temperatur, wie 
z. B. in 3°C., aus, aber im hbheren Temperatur zeigen sie eine scharfe 
Empfindlichkeit wie im Tabelle IV gezeichnet. Bei 30° erleiden die 
Baktenen keine Schadigung an den Wachstumsfahigkeit oder am 
Leuchtvermogen, bei 33° aber veriieren sie in 8 Stunden das Leucht-' 
vermiigen, sterben in 24’ Stunden, und durch 1/2 stiindiges Erhitzen 
m 45° kommen sie zu Grunde. 


Tab. IV. Temperaturempfindlicbkeit des Micrococcus Physiculus. 


Temperatur 


! 

1 ^ »7» 1 

45* 

Zeit 

12 Std 

24 Std. 

5 Std 

8 Std. 

12 Std 

24 Std! 

2i Std. 

5 Std. 

i Std. 

Wachstum 

+ 

+ 

+ 

+ 

1 

+ 

- 


- ! 

- 

Leuchten 

i 

+ 

1 

+ 

+ 

i 


- 

- 

- 

- 
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Die Temperaturempiindlichkeit wird nach folgender Metbode ge- 
messen : Man bringt die I'lagtge Agarkuitur in Bouillon, und die Au£- 
schwemmung wird einzeln in verschiedener, bestimmen Zeit bei ver- 
schiedener Temperatur gehalten ; je 1 Tropfen davon wird Oberflache 
eioer Agarplatte gebracht und bei 15‘’-18°C. gehalten um nach 24 
Stunden Wachstum und I^uchtvermogen gepriift zu werden. 

Differentialdiagnose : Unter bisher bekannten Leuchtbakterien 
stimmt dieser Micrococcus in mancber Beziehung mit Mtcmcoccus 
Sepiola Kishitani am meisten liberein. Der neu Micrococcus unter- 
scheidet sich jedoch von Micrococcus Sepiola 1) durch die Vergarung 
der Mannose, 2) durch das Fehlen der Neigung von F'adenbildung 
auf Agar und 3) durch das Vorhandensein des Feuchtglanzes auf dem 
Belag oder auf den) Auflage. 

Nachst dem Micrococcus Sepiola weist Coccobacillus Pierantonii 
Meissner eine gewisse Aniichkeit roit der neuen Bakterie auf. Aber 
sie ist mit unipolaren Geissel beweglich und bildet in Zuckervergarung 
aus Mannit unter blaufarbung Alkali. Unter den banalen Leucht- 
bakterien kbnncn wir keine solcben linden, wie sie nahere Affinitat 
mit dem neuen Micrococcu.s als zwei oben erwahnte Arten aufweisen. 
Dies Lst der Grund, da.ss der Micrococcus als eine neue* Art angenom- 
men werden soil, die wir „ Micrococcus Physiculus " n. sp. nennen 
wollen. 

2) Banale leuchtende Wasserbakterien (Microcpira Asamushiensis 
n. sp.). 

Alle Stamme der Vibrione, die aus dem Darmgang sowie aus der 
Hautoberfliiche des Physiculus japonicus und aus dem Seewasser ge- 
zuchtet, zeigen dieselben morphologischen und kulturellen Verhalten. 
Die Individuen haben die Lange von 1.0-1. 5 und die Breite von 
0.5-0.7/'. Die Microspira ist mit dem 1-unipolaren Geissel bewgelich, 
und farbt sich mit 'gewbhnlichen Anilinfarbstoffen gut, abcr nach 
Gramm nicht. Sie bildet weder Spore noch Kapsel. 

Gelatine wiid verfliissigt. Anfwglirh bildet die Microspira auf 
Gdatineplatte kleine hohlrunde Kolonie, die spater allmahlich griisser 
wird und schliesslich durch die vollstandige Aufliisung der Gelatine 
herabgleitet. Auf Agarplatten ’iiildet aber sie auch konkave, diinne 
Kolonie, dje bei durchfaUendem Licht gelblichweiss, aber bei auf- 
failendem fast farblosser scheint Bei Stichkultur wird die Gelatine 
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glockenformig verfliissigt. Die Auflage aul der Agarstichkultur ist 
scheibenartig, diinn und weisslich. Im Stichkanal ist der Wachstum 
gering. Auf der Agarsf’hlage ist der Belag mit dem feinen wellen- 
rand etwas ausgebreitet, weisslich und feuchtglanzend. 

Bouillon ist glcichmassig getrubt, und in derselben bilden sich 
weder Indol noch Hautchen. Milch ist nicht koaguliert, Starke nicht 
hydrolisiert. Nitrat geht in Nitrit iiber. 

Wie in der Tabelle V gezeichnet werden Dextrose, Mannose, 
Galactose, Maltose und l,avuIose unter Saurcbildung vorgoren, aber 
es kommt niemals zur Gasbildung, Lactose und Saccharose jedoch 
unvcrandert. 


Tab. V. Zuckervergarung der Microspira Asanittshtensis-^iammc. 


Stamm 

DrXtIOSP 

Uotosc 

Mannose 

Galact 

Maltose 

Lavuiosp 

Sacihar- 

MitrospiiH Asam. 1 

rot 

violett 

rol 

rot 

rot 

rot 

violett 

„ „ ill 









In Bezug auf die Wasserstottionenkonzentration des Nahrbodcns 
zeigt die Microspira eine ahniiches Verhalten mit dem Micrococcus 
Physiculus. Unter pH = 4.5 bemerkt man keinen Wachstum. Bei 
pH = 5.0 fangt sie zu wachsen an, aber sie leuchtet noch nicht. Die 
giinstigste Kanzentration fiir Leuchten und Wachsen ist pH=7.0-8.5 
zu sehen, und bei pH =9.5 sieht man sowohl die Wachstumsfahigkeit 
als auch das Iveuchtvermdgen sehr geschwacht. 


Tab. VI. Alkalitiit, Wachstum und Leuchtvermogen bei 
Microspira Asamushtensis. 



pH-- 

pH = 

pH- 

pH- 

pH- 

PH= 

pH- 

pH- 

pH- 

pH- 
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5.5 

6.0 

6.5 

7.0 

7.5 
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0.0 
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- 

+ 

+ 

++ 

++ 

++ 

tH 

m 

m 

4+ 

+ 

L«>uchten 

- 

_ 

1 

+ 

+ 

+ 

++ 

++ 

++ 

4+ 

+ 
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Die Optimumtemperatur fiir Wachstum und Leuchten lallt auf 
15"-18“C. Die Empfindlichkeit der Microspira fiir die hoherc Tem- 
peratur ist, wie man in der Tabelle VII siehl, f;anz dieselbe wie bei 
Micrococcus Physiculus. 


Tab. VII. Temperaturempfindlichkeit dor Microsptra 
Asamushiensis. 


Temperatur 

.■10' 

.w 

.•I?" 

4r,“ 

Zeit 

ISi Std. 

Std 

5 Std 

« Std 

13 Std 

34 Std, 

3J Std f) Std. 

} Std 

Wachstum j 

+ 

+ 

+ 

+ 

+ 


+ 1 - 

- 

Louchten I 



i + 

- 

- 


- 1 - 

- 


Differentialdiatjnose : Unter alien bekannten Leuchtbaktenen stehen 
Microsptra delgadensis (Fischer) Mk:. und Microsptra luminosa 
(Fischer) Mig. in naher Beziehung mit meiner Microspira. Die 
Bescbreibungcn, die ersteren betreffend, sind aber so kurze und ein- 
fach, dass man die neue Microspira nicht gcnau mil diesen /wci Arten 
der Bakterien vergleichen kann. Aber die bilrstere ist von Microspira 
luminosa wenigstens dadurch, dass sie nichl von der Neigung ist, 
sich zu langeren Spirillen zu verbinden und sich zu Bakteroiden zu 
bilden, und von Microsptra delgadensis durch ihre Kolonienform zu 
unterseheiden. 

Unter den neuere Zeit befundenen Leuchtbakterien stimmt Vibrio 
sulla Sepia Meissner in vielen Punkten mit meiner Vibnone iibereip, 
aber die erstere verfliis.sigt Gelatine nicht und bildet Hautcben in 
Bouillon, was aber bei der letzteren nicht der Fall ist. Diesc beiden 
Bakterien unterseheiden sich von einander aueh durch das Verhaltcn 
in der Ziickergarung und in der Alkalitat des Nahrbodens. Ich nehme 
daher die Microspira als die neue Leuchtbakterien an will demzufolge 
dem Naroen der Ort, wo sle zum erstenmal gefunden wurde, „ Mierv- 
spira Asamushiensis" n. sp. nennen. 
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VII. AGGLUTINATORjISCHE VERHALTEN DER 
GEWONNENEN LEUCHTBAKTERIEN. 

Dass die mit den syrtibiontischen Leuchtbakterien, wie z. B. Cocco- 
bacillus Pierantoniu Vibrio Pierantonii, Pseudomonas Euprymna, Micro- 
coccus Sepiola und Coccobacillus Loligo,' hergestcHten Kaninchenim- 
munseren eine ausgesprochene Stammesspezifitat im agglutinatorischen 
Verhalten aufweisen, und dass bei den banaJen leuchtenden Wa.s.sCT- 
bakterien, vie z. B. Coccobacillus sulla Sepia, Vibrio sulla Sepia, 
Pseudomonas luminescens, Pseudomonas photogena. Pseudomonas phos- 
phorescens u. s. w. dagegeii keine Stammesspezifitat besteht, sind scbon 
von Meissner und von mir ms klare gebracht. Um zu sehen ob bei 
der neu gewonnonen leuchtenden Micrococcus und Microspira die 
obigen Verhalten entstehen, werden folgende Experimente angesteilt. 

Durch intravendse Injcktion werden 6 Kaninchen dreima] alJe 
sieven Tage mit dem 3 versR'hiedencn Micrococcus Physiculus-Stamme 
und 3 verschiedenen Microsptra ^samus/itensts-Stamme immunisiert 
(die Dosis steigt jedesmal zweimal, 0.5 bis 2.0 mg). Eine Woche 
nach der letzteren Injektion wird das Blut total entgenommen, von 
dem werden Immunseren hergestellt. Bei 10 Micrococcus Physiculus- 
Stammen und 10 Microspira Asamuskiensis-SiAmmen wird die Aggluti- 
nation jedes der Immunseren, dn* mit 0.8 proz. NaCl-Ldsung in der 
Weise wie 1 : .50, 1 : 100, 1 ; 200 u. s. w. verdiinnt .sind, gepriift. 

Die Ergebnisse der Versuche bieten, wie in Tabellen VIII und IX 
gezeichnet, nicht Besonders, d. h. bei den symbiontischen l.«ucht- 
bakterien, dem Micrococcus Physiculus werden nur der Ausgangsstamm 
und der von demselben Fischindividuum herkommende Stamm mit 
dem sehr verdiinnten Serum agglutiniert, wahrend die iibrigen Stamme, 
die zu derselben Art gehohren, nur bei ganz hochwertigen Seren (bis 
zur 1 : 50) oder gar nicht mitagglutiniert werden ; alle Stamme erweisen 
aber bei banalen leuchtenden Wasserbakterien, der Microspira Asa- 
mushiensis, dass sie im agglutinatorischen Verhalten entweder identisch 
Oder mindestens in naher Verwandst^haft sind. , - 

In obigen Tabellen sind als Werte diejenigen Verddnnungen ange* 
geben, bei denen eine im Agglutinoskop gerade noch deutlich agglu- 
tination auftrat, aber „ O ” zeigt, dass bei Verdiinnung untw t : 60 
(z. B. 1:25 u. s. w.) keine Agglutination auftrat. 

Da Micrococcus Physiculus-Stamme wie z. B. 5a und 5b oder 7a 
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Tab. VIII. Endtiter der Agglutination von Micrococcus Physiculus- 
Immunseren mit Micrococcus Pkysiculus-Styimmen. 
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Tab. X. Endtiter der Agglutination von Micrococcus Physiculus- 
Immunseren mit Microspira Asamushiensis-Stimmen und 
von Microspira AsamusAtensis-Immunseren mit 
Micrococcus Physiculus-StAmmen. 
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und 7b u. s. w. aus demselben Leuchtorgan entstammt sind, warden 
sie bei den entsprechenden Immunseren im derselben oder mindestens 
fast nahostehenden Verdiinnung mit dem Ausgangsstamm agglutiniert. 
Daraus folgt es, dass der Micrococcus Physiculus zu betreffenden 
Tienndividuen streng angepassend ist. 

Ferner wird die Agglutination zwisehen dem Micrococcus Physiculus 
und der Micros/nm Asamushtensis gefiriift, aber sie voneinader, vvie 
man in der Tab. X sieht, gar nkht. 

vm DISKUSSION 

Das Leuchtorgan der Malococephalus laevis (Lowe) mil dem von 
Physiculus japonicus Hilgendorf zu vergleichen, ist sehr interesifert. 
Diese beiden Fisoharten gehbhren zu derselben Gruppc, zur Anacantini 
{Gadi formes), und dazu zeigcn ihre Leuchtorganen in dem Struktur 
miteinander eine ausserordentliche Abnhchkeit. Aber sie unterscheiden 
sich von emander nur in der Art der Lichtproduktion. 

Ich will durchaus nicht an Ergebnisse der Untersuchungen IJicKUNOs 
liber das Leuchtorgan von Malococephalus laevis, zweifein, aber ich 
mbchte hier eine Angelegenheit haben, die meine Ansicht dariiber zu 
aussern. 

Unter den Bes<-haffenheit des Sekretes, die durch Hickijnos 
Experimente in klare gebracht worden sind, hat besonders meine 
Aufmerksamkeit erregt, 1) dass fiir dass Leuchten des Sekretes eine 
ziemlich grosse Mengc des Sauerstoffes notwcndig ist ; 2) dass wenn 
das Sekret ins destilliertes Wasser direkt hingeworfen, das Leuchten 
plbtzlich aufgibt, und sogar das Leuchtvermbgen, wenn man auch das 
mit dem Seewasser behandelt, nicht mehr zuriickkommt ; aber wenn 
das Sekret zuerst mit einer kleine'n Menge von Seewasser behandelt 
wird, und dann mit einer grossen Menge von destilliertem Wasser 
verdiinnt wird, kein solches plotzliches Erloschen der I.,euchte stattfindet; 
3) dass in solchem mit destilliertem Wasser verdiinnten Medium die 
Leuchte des Sekretes friiher erliescht als in Seewasser selbst. Diese 
obigen Beschaffenheit sind es, die mit dem gewohnlichen Begriff 
der bis jetzt bekannten tierischen Leuchtsubstanzen, Luciferin und 
l^uciferase, sehr schwierig, aber dadurch, dass man dieses Sekret als 
Bakterlen voraussetzt, sehr leicht zu etidaren sind. 
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Es ist eine wohl bekannte Tatsache, dass die Bakterien beim 
Leuchten eine weit griissere Menge des Sauerstoffes als l-,euchtsekret 
(lAiciferin) konsumiert. In der Tat gab Harvey durch diese Tatsache 
an, dass die Bakterien die Lichtquelic der Leuchtorganen von Anomalops 
und Photoblephalnn sind, was er durch seme baktoriologischen Versuche 
nicht bestiitige konnte. Es ist auch von alien bekannt, dess die Bak- 
terien, mit Ausnahme von emigen im Siisswasser lebenden Arten, wie 
Microspira phnsphoreum Yasaki, fiir den Leuchten eine gewisse Menge 
von Kochsalz im Medium enthaltcn miissen. Nach meinen Unter- 
suchungen ist die fiir das Leuchten geeigneteste Konzentration des 
Kochsal/es ist von 2 bis 4 Froz., und die fiir das Wachsen giinstigste 
Konzentration desselben von 2 bis 3 Froz., aber die meisten Leucht- 
bakterien kiinnen auch beim LO Froz. leuchten und beim 0.5 Froz. 
wachsen. Natiirlich wird hei solcher verdiinnten Kochsalzldsung das 
I.euchtvermdgen im hoheni Grade gehemmt, Beleuchtung kiirzer. 
Verhalt es sich das fx*uchtsekret vom I.«‘uchtorgan der Malacocvphalus 
laetns zu Kochsalz in der Medium nicht .so schr ahnlich wie die 
l.A!Uchtbaktenen ? Nimmt man das Sekret als Lcuchlsubstanz, wie 
Luciferin und Luciferase, an. ist die eigentiimliche Beschaffenlieit 
schwer zu klaren, dass, wenn man anfangs das Sekret mit Seewasser 
behandelt, dann mit jeder Hmzus<4zung von destilliertem Wasser das 
Medium zur hdhem Verdiinnung bringt, das Sekret das Leuchtvermdgen 
nicht verliert, wiihrend bei direkt Behandelung mit destilliertem Wasser 
das Erldschen der Leuchte stattfindet. Gesetzt, dass das Sekret die 
Leuchtbaklerien sein, kann man es dadurch leicht erklaren, dass man 
diese Erschemung auf die Veranderung des osmotischen Driickes im 
Medium zuriickfiihrt. Es ist eine klare Tatsache, dass die im verhalt- 
nismassig dicken Kuchsalzliisung lebenden Microorgan ismen wenn sie 
im destillierten Wasser direkt verlegt werden, wegen der plbtzlichen 
und .starken Veranderung des osmotischen Driickes in der Um.schlies- 
sung zu korperlichen Zerstdrung gebracht werden, aber wenn diese 
Anderuug langsam ist, wenn auch ziemlich gross, die Microorganismen 
sich durch ihre Anpassungsfahigkeit von der Gefahr entgehen kdnnen. 
Das Leuchten der Bakterien mag damals ganz oder bis zu einem 
gewissen Grade gehemmt werden, aber wenn die Umschliessung sich 
wieder im fiir Bakterien giinstigen Zustand befande, mag das Leuchten 
auch wieder lebhaft werden. 



820 


T. KISHITANI 


Sowohl aus dem Bau des l^uchtorganes wie aus dem Verhaltan 
des leuchtendcn Inhaltes scheint die Leuchtsubstanz der Malacocephalus 
laevis die symbiontischen Leuchtbakterien und nicht das leuchtende 
Sekret zu sein. Hickung aber spricht gegen das Vorhandensein der 
Leuchtl)akterien, sondern behaupt, dass er im Inhalt eine Leucht- 
substanz, Lucifer in und Luciferase, gepriift konnte. Wenn es keine 
Fehler in seinem Experiment waren, woran ich auch glauben mdchte, 
konnen vvir iiber die Grille der Natur nicnt genug erstaunen. wie sie 
in den Leuchtorganen von Malacocephalus und Physiculus gezeigt wind. 

Hier i.st aber zu beriicksichtigen, dass Malacocephalus einer da- 
Tiefsoebewohner ist, wahrend Physiculus einer der verhaltnismassig 
oberflachlicher ist. Soweit man jetzt weiss, gibt es keine solchen 
Tiefseebewohner, in deren Leuchtorganen die symbiontischen Bakterien 
leben. Skowix)N ist z. B. sogar der Mcinung, das die Leuchtsymbiose 
sich nur bei den oberflachlichen Tieren bemerken kiinnten. Seiner 
Ansicht nach, die naturlich auf oiniger Sicherheit gegriindet ist, konnte 
es vielmehr als nchtig betracht werden, dass das Leuchten der Malaco- 
cephalus auf keine Bakterien beruht Denni cii ist es doch sehr zu 
bewundern, dass sich das Leuchtsekret der Malacocephalus sehr ahniich 
wie das der leuchtbakterien verhalt. 

IX ZUSAMMKNFASSUNG 

1. Es ist die im Muskelfleisch der Bauchwand der Physiculus 
japmtcus Hilgendorf befindliche Driise, die einst dem Franz cin 
Ralsel war, jetzt endlich dadurch zu erklaren gelungen, dass sie ein 
I.^uchtorgan ist, wo symbiontische Leuchtbakterien leben. 

2. Die Driise ist von einer bindegewebigen Kapscl umgeben, die 
in sich eine Scbichl von Chromato'phoren enthalt, und es ist unter 
derselben ein Bindegewebe, das aus in holizontalen Richtung paralld 
gelegenen Fibrill^en hergestellt ist und das sich auf der Oberilacbe 
des Bauches als eine kleine, schuppenfreie, i^warae Scheibe sehen 
lasst. 

Nach dea- Bildung will ich die Driise als ein lAsuchtcn-gan, das 
durch den Ausfiihrungsgang ein leuchtendes Material, Leuchtbakterien, 
nach Aussen ausspiickt. 

3. Anfiinglich sind in der Driisenschlauche die Massen der 
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terien in manche, kleine Kliimpchen eingeteilt, die in diinncn Zellori- 
ginalen Membranen eingehiiUt sind ; diese m('>gen vierleicht bei der 
Reizung von Bakterien aus Bchlauchesepithei gebildet werden, aber 
sie werden spaterhin zerrissen und so gehen die Bakterien nach dem 
Driisenraum hinaus. 

4. Ausser den Leuchtbakterien gibt sich in der Driise keine 
Le^ichtsubstanz zu beweisen, deswegen sind die Bakterien als einzige 
Lichtquelle der Organs zu gelten. 

5. Aus dem Leuchtorgan werden die symbiontischen Leucht- 
baktenen auf kiinstliclien Nahrbdden geziichtet. Alle Stamme, aus 
den Leuchtorganen von 30 versehiedenen Tierindividuen weisen dieselben 
morphologischen und kulturellen Verhalten auf, deshalb miissen sie 
als eine und diestdbe Art angenommen werden. Nacb einer strengen 
Vergleiehung mit anderen bisher bekannten Leuchtbakterienarten wird 
sie als pine neue Art mit dem Namen von „ Micrococcus Physiculus ” 
n. sp. genannt. 

6. Aus der Hautoberflache und dem Darmgang der Physiculus 
japonicus wurde manche Stamme von banalen, leuchtenden Wasser- 
vibrionen geziichtet. Die Vibrione gilt als eine neue Art von der 
Leuchtbakterien und wird mit dem Namen von „ Microspira Asamushi- 
ensts" n. sp. genannt. 

7. Im agglutinatorischen Verhalten wei.sen die Stamme der Micro- 
coccus Physiculus eine ausgesprochene Stammesspezifitaf auf, aber bei 
der Microspira Asamushiensis besteht keine solche Stammesspezifitat 
und die Verschiedenheit dieser zwei Leuchtbakterien im agglutinatori- 
schen Verhalten, wie man schon von Untersuchung Meissners und den 
meinigen, die alle bei anderen Bakterien ausgefuhrt wiirden, sehen 
kann, ist ganz von ihnem versehiedenen Lebensgang abhangig. 

8. Es ist zu bewunden, dass das Leuchtorgan der Physiculus 
japonicus und derselbe Malacocephalus ktevis, wenn auch in Bau sehr 
ahnlich, in der Art der Lkhtproduktion ganz verschieden sind, d. h. 
das erstere in stfth als Lichtquelle symbiontische Leuchtbakterien ent- 
halt, das letztere aber die Leuchtsdtreten, Luciferin und Luciferase, 
absond^t 


Zum Schluss mdehte ich die Ehre haben, meinem geehrten Fiihrer, 
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Heim Prof. Dr. H. Hattori, fiir die freundliche Anbitung meinen 
herzlichsten Dank auszusprechen, und ich bin noch verpflkhtet dem 
Direktor des Asamushi Marine-Laboratorium fiir Biologie, Herm Prof. 
Dr. S. Hatai und meinem vertrauben Freunde Herrn D. Inaba wegen 
der grossen Freundlichkeit, die sie bei Ineinem Studium gegeben hat, 
grossen Dank zu schenken. 
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tafelerklArung. 

TAF. XXVII. 

Fig 1. Phyticulus japonicus Hu.ggnoorf, von rechts goiehen Verger. 1*2. 

Fig 2. Derselbe, *ur Demonstration der schuppenfreie, schwarzen Schelbe von 
der Ventralseite gesehen. Vergr. 2:3. A. After; O. Ofinung des Uro- 
gemtnlkanaU, S. Schuppenfreie, schwarze Scheibe. 

TAF. XXVIII. 

Fig. 3, Das Leuchtorgan im I.4[ngsshmtt. Filrbung mit Hdmatuxylm-Orange G. 
ISmal vergrdssert. 

Fig. 4. Dasselbe im Querschnitt. Farbung nut Hiimatoxylin-Eosin. 22mal 
vergriisacrt 

Fig. 5. Querschnitt des AusfUhrungsgangs. Firbung mit Hilmatoxylin-Eosin 
120mal vcrgrbssert. 

Fig. 6 Quertichnitt des MUndtmgsleiles des AusfUhrungsgangs. Fbhrbung mil 
HKmutoxyhn-Orange G. 120mal vergrdssert. 

TAF. XXIX. 

Fig. 7. Stuck einea QuerschniUes durch ein Leuchtorgan -lOOmal vergdssert. 

Im Prdparat find die DitisenschlSuche im LftngsscbniU zu sehen Farbung 
nut HKmatoxylin-E^sm 

Fig 8. Dasselbe. 400inal vergrdssert Im Pr&parat smd die DrUsenschliiuche 
iLi Querschnitt icu sehen. Fiibung mit Hamatoxylin-Orange G. 

Fig 9. Stuck cines I.,&ngssrhnittes durch ein Leuchtorgan. ISOOroal vergiossert 
Das Priparat wurde mit HCmatoxylm-Eosin gefkrbt, um besondera die 
die Baktenen einhUlIenden Siickeben in den SchlSuchen darzustcllen. 

Fig. 10. Dasselbe ISOOmat vergrdssert Das Fh-Kparat wurde mit Ilamatoxylin- 
Orange G. gefSrbt, um die Gestalt der Bakterien in den Scbiduchen klar 
darzustellen. 

TAF. XXX. 

Fig. 11. Micrpcoocu* /%sIeHf«s n. sp. Tupfprbparat des Inhalu der LeuchtdrUsea. 
FIrbung mit Anilinfudisin. ISOOfach vergrbsaert 

Pig. 12. Oieselbe.^'Ausitnchpriparat einer erste 248tUnd. Agarkultur 1500facb 
vergrdssert Firbudg nit Amlinfuchain. 

Fig. 13. Diesclbe. Ausstiichprlperat emer 24stttnd. Agarkultur ISter Generation. 
ISOOfach vergrbsaert F&rbung mit AnUinfuchsin. 

Fig. 14k IMeselbe. StXgige Gelatinekdbtiie. 70fach vergrdssert. 

Fig. IS. Mieneipint AmmuMpmu a. sp. Ausstrichprfiparat oiner 24‘>tUiid. 
Agariuiltur. ISOOfach vergrdssprt. Firbung mit Anilinfuchsin 

Fig. 10. Dieselbe. Geisselfirbung nach Ltfrn.GR. ISOOfsch vergrdssert. 









T. KlSHtTANl : Leuchtsymbiose in Physiculus japonicus. 





Sci. Rep., Tohoku Imp. Univ., Ser. IV, Vol. V, PI. XXIX. 



f'B- Fig. 10. 

T. Kishitani : Leuchtsymbiose in Physiadus japonicua. 




Sci. Rep., Tohoku Imp*. Univ., Ser. IV, Vol. V, PI. XXX. 



Fig. 13. Fig 16 

T. Kishitani : Leuchtsymbiose in Physiculus japontcus. 






on the Japanese Mullets Magil 
mphalus and M haematodtibis * 

By 

Arthur Jacot 

SbMitang Chmtum Unlvvnhf Tnnan China. 

(With 2 t«a*4gura(). 

Among other studies carried out as a result of an Elimbeth 
Thontpson Science Fund grant nudcing it pos«ble for mb to travdi to 
and from northern Hondo where I consequently spent most of Juiy 
aitd August, » the present comparison of the specific and scde dMurao 
tecs of two fish of economic importance, based on my earlier study 
of the Jumping Mullet (1) My thanks are also due the director and 
asset lates for their hospitality md many kindnesses extended during 
my studies 


MATERIAL EXAMINED 

At an early season, and in a region of few short rivers and a 
very rocky coast, but sue specimens of M hamatochUvs were secured 
These measured 127, 132, 144 154 186, 421mm m total (greatest)* 
length A single specimen of M cei>hatus 429 mm long was secured 
at the same hawl, making excellent comparative material with the 
421 mm M haematodulus On returning to Tsman, two specimens 
of M haemaioehilvs 555 and 565 mm long were secured from the 
Tsingtao market August 27th where there were several Others ns 
well as two Af cephalus October 5th ten M (xpkeius 2^5-316 imn 
long were taken hxim the Tsmgtao market ftom ammig a hundred 
or more There wei« no M haematochtlus during that wbek 

M cephalus (2) was based on Artedi s descnption of a jE!urop#mi 
species M eeur (3) was described from the Red Sea, while 
japomeus ( 4 ) was characterised and badly figured fpMa NagjaijflJla 
specimens Latei (5) a Swatow specimen 9 indies long waa refeilcfbd 

Contributiona from the Marine B ologioel Station Aaamuahi, AonWCflCen No 60 
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to M. oeur, with M. japonkus noted as a synonym, and characterized 
as head 4; depth 4.5; eye 4; scales 38-13; D. IV-8; A. Ill, 8. 
This scale count is within the limits of variation (1, p. 201, lines 3-8). 
In 1901 (6) Yokohama material was recorded as M. oeur with the 
remark, “We refer the common mullet of Jjq>an (M. japomcus) to 
M. oeur of the Red Sea, following the opinion of authors, having no 
data of our own ”, The next year (7) several specimens from Formosa 
were published as M. oeur with scales 40-12 ; D. IV-I, 8 ; A. Ill, 8. 
This is nearly typical M. cephalus. In 1905 (8) three Hongkong 
specimens 5.5"-6.5" long are referred to M. cephalus with M. oeur 
as synonym. These juvenile fish are described as: head 3.75; depth 
4.15 : eye 4.25 ; D. lV-8 ; A. HI, 8 ; scales 39. The same year the 
same ichthyologists (9) record one Shanghai 5.5" specimen and one 
Hongkong 10" example in the same way but characterize it as ; head 
4 ; depth 4.3 ; eye 4 ; D. IV-9 [juvenile stage] ; A. Ill, 8 ; scales 37. 
Thus the proportions are more like those of (5) ; the dorsal fin formula 
changed to adult condition would be D. lV-1,8 thus making the fins 
also Af. cephalus, although the scale count is low. The next year 
(11) Formosan specimens appear as Af. oeur again ! Finally the Japan 
Catalogue (12) records Af. japontcus as Af. cephalus. 

A change is then instituted (13) when Af. cephalus is separated 
from Af. oeur on the basis of mandibular angle and a slightly 
different scale count. The tables of measurements (pp. 270 and 
272) leave one very much m doubt as to any specific distinctness, 
especially if one considers only the three adults of Af. oeur. In one 
case, the eye is recorded as 1.77! Both species are striped. Accor- 
ding to the writer’s (1) find of North Carolina Af. cephalus, the number 
of scales m longitudinal row varies from 38-44. Even in the Formosan 
(13) specimens of Af. cephalus one finds a variation of 40-42, and 
38-41 m the nine specimens of Af. oeur\ The mouth angle may be 
a factor which is set in death. Thus I cannot consider Af. oeur and 
Af. cephalus as distinct species until much more intcinsive studies jhave 
been made. 

Three years later (14) the same writer separates M. japamoua 
from Af. cephalus on the basis of 38 scales in lateral series and the 
depth ratio. ’The latter 1 find to vary with age and quantity roe. 
The Formosan specimen of Af. japontcus (i. e, the deq> “spedes”) 
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is 600 mm. long, thas an unusually large specimen. The lateral series 
is equaled by the Formosan M. oetir. On p. 245 one reads, “ It is 
distinct, however, from M, oeur in having mandibular bones which 
meet at an obtuse angle [the “characteristic" of M. cephalua] and 
38 or 39 scales in lateral series [the number for M. oeur] ! Thus at 
best M. japotucus as described in 1921, should have been regarded 
as a hybrid of M. cephalua and Af. oeur. 

Finally I furnish a table consisting of seven groups of measure- 
ments taken from the papers as cited in the left hand column : 



Depth 

Heed 

Eye 

Scales 

5, 8, 9, 

3.75-4.0 

4.15-4.5 

4.0 -4.25 

37-40 

13, yn. 

M. OBur 

3.42-3.89 

4.0 -4..58 

3.55-4.66 

38-41 

13, ad. 

M. oeur 

3.91-4,11 

f.l -4.37 

1.77-4.0 

38-40 

13, 

M. cephalua 

3.69-3.95 

4.09-4.79 

4.23-4.85 

40-42 

14, 

M. japonicua 

4.0 

4.9 

4.47 

38 

15 

4.5 

5.0 

5.5 

38 

16 

3.0 -4.0 

3.5 -4.2 

3.2 -4.0 

35-40 


From this table it is evident that the Hawaiian ratios (16) -range 
lower than the east Asian. Is this due to method of measurement 
or is it actual? The Hangchow records (15) range much higher than 
any others and thus have the appearance of being erroneous. The 
other groups are not distinctive — especially when one takes size into 
consideration. It is to be hoped therefore, that the foregoing will 
once and for all bury these synonyms and forestall further attempts 
at establishing “ new ” species on this variable, circum-subtnipicai, 
migratory species. 

As to the species with restricted adipose eyelid, one must first 
determine its generic position. The group Liza was separated from 
MugU (17) for species having the ^relid obsolete (which means, not 
very distinct). Urns it is incorrect to publish “ lacking ”, as has often 
beeh done. This is paramount to %Vin8 that even though the type : 
M. capita, an eaat Atlantic species, should be entirely without adipose 
tissue, ^des witii dte adipose eydid sliightly developed miglu be 
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included in the genus (Liza was proposed as a subgenus). The ten- 
dency, in recent years, has been to transfer more species from Liza to 
Mugil. For instance, as pointed out in the Oceania report (16, pp. 124- 
126) M. vaigiensis, M. macrolepis, M. seheli, M. crenilabis have been 
placed in Liza by several ichthyologists (including Jordan and) though 
now definitely recognized as Mugil. l,ikewise the present species, 
having the adipose eyelid distinctly developed, belongs more truely in 
Mugil than m Liza. It is true that there is a considerable degree of 
difference between the eyelid in M. cephalus and M. haematochilus 
but it should also be remembered: (1) that the eyelid is distinctly 
developed and (2) that the eyelid is not developed in the young of 
either species but developes as gradually as the fish grows. Thus it 
is imperative to consider only the full grown in deciding the generic 
status. Authors should always record the length of their specimens. 

Since the single generic character of Liza is one of degree, and 
since the accretion of the generic character of Mugil is one acquired 
during growth, two facts must be recognized : (1) it is of subgeneric 

value at best, (2) lack of adipose eyelid is the more primitive condition. 
This latter statement is equivalent to saying that Liza is more primitive 
than Mugil and should therefore be placed first in systematic reports, 
lists, etc. 

Mugil (Liza) hacmatochtlus is recorded from Hakodate (18), Tokyo 
(19), Misaki (20), Fusan: Chinnampo, Chemulpo (21), Antung (22) 

L. formosac (14) based on a five inch specimen (young) described wifit 

the dorsal fin formula in the juvenile stage ! Ls covered by the amount 
of variation found in specimens of M. haematochilus analyzed for me 
present report j 

SPKCIFIC CHARACTER.S (of adults) 

M. cephalus M. haematochilus 

Behaviour 

Jump high over net* Skulk over edge of ’net 

Slow fall migration Rapid fall migration 

Usually dies with mouth closed Usually dies with mouth open 

*It IS suggested that the term Jumping Mullet be officially restricted to Af. cephalus, 
as M haematochilus is even more heavily stripped than M. cephalus. 
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Coloration 

Stripes less prominent* 


Fins white 

Fin formulae 

Anal formula is III, 8 

2n(l D. rays 1 to 2 scaled 2/3 to 
3/4 length ; ray 3 scaled 1/2 
way at most; ray 1 with a few 
scales at base if rays 1 and 2 
are scaled 3/4 length 

Anal scaled as dc»rsal 

Adipose eyelid 

Extends over iri^ to pupil, forming 
elongate-oval opening 

So thick as to conceal scales be- 
hind eye in alcoholics. 

Anteriorly extending far anterior 
to angle of mouth 

Posteriorly extending a distance 
equal to distance from anter- 
ior nostril to eye center. 

Nostrils 

Anterior nostril nearer anterior 
edge of preopercle than to 
posterior nostril 

Mouth 

Forming an angle of 92’’-93°; 
the ends iwurved; closed. 

Ratios 

Dorsals more approximate, L e. 
ength of 1st D. spine nearly 


Stripes more prominent by reason 
of enlargement of pigment 
spot at center of scale pocket 
rim. 

All fins except first dorsal with 
yellowish tinge. 

Ill, 9 

less scaled 


as M. cephalus 

Extends over outer nm of ins, 
forming nearly ciicular open- 
ing. 

.Scales behind eye clearly visible 
through the tissue in alcoholics. 

Anteriorly extending to transverse 
plane of angle of mouth. 

Posteriorly extending a distance 
ecjual to diameter of eve open- 
ing. 

Anterior nostril nearer posterior 
nostril than to anterior edge 
of preopercle 

Forming an angle much greater 
than 90" ; sides perfectly 
straight ; open 

Dorsals more remote, i. e. length 
of 1st D. spine much less than 
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equaling distance from base of distance from base of 1st D. 

1st D. to insertion of 2nd D. to insertion of 2nd D. 

Insertion of 2nd D. to insertion Insertion of 2nd D. to insertion 

of caudal equals length of of C. much less than length 

head of head 

Depth — varies with age in both species. 

Peduncle more slender, i.e. length Peduncle deeper, i. e. length of 
of base of 2nd D. is greater base of 2nd D. shorter than 

than depth of peduncle depth of peduncle (equal in 

yn.) 

Skeletal 

Epiotic and exoccipital processes 

(see 23) shorter Lxinger 

No processes on vertebrae Similar processes springing from 

posterior edge of vertebra 2. 

Hypural with short spine on side Hypural spine slightly longer, 
half length of vertebra 23. 

Scalation 

Scales on median row 35-44 37-42 

Number of longitudinal scale rows from and including lateral row ; 
to mid-dorsal line ant. to 1st D. 6 5 ( -f median) 

to 1st D. 6 ( + accessory) 5 ( -t- accessory) 

to between dorsals 7 (no median) 6 ( f median) 

on peduncle 6 5( + median) 

(That is, there i.s one longitudinal row less above median row) 
to before ventrals 11 10 ( -i- median) 

to above ventrals 8 7 (-f small) 

to between V. and A. 9-10 ( -4 median) 8 ( f med. at cent*) 

to above anal 6- 7( + axillary) 5-6 ( + axil, group) 

(That IS, there is one longitudinal row less below median row* to 
ventrals. Since there are two longitudinal rows less in M. 
kaematochilus and the fish are of the same^relative d^tb, the 
scales must be, and are, correspondingly larger). 

Number of scale rows from 1st D. to V. 13 rows 11 rows ( + small) 
Scale 10 of median row (1, fig. 1) becomes scale 8 of median row. 

* Venter often very irregular, with much running together. 
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(That is, there are two transverse roW less anterior to 1st D.) 
First dktrsal is inserted on 9th transverse row 7th 



Fig 1. Diipoiition of numben of traniveme scale rows in M. eephaluM 
and M haematochiltu parentheaes't 



In order to endeavor to determine why or in what area the number 
of transverse rows (lateral line count) varied as much as it does, the 
arrangement of these transverse rows in the ten Tsingtao M. cephalus 
were studied, lliis was done by dividing the area above the lateral 
line into five areas : predorsal (pre D), subdorsal (sub D), interdorsal 
(inter!)), subdorsal (subd), and postdorsal (postd), see figure 1. Pins 
were inserted into the scales of the median row (lateral line row) 
which belonged to the following transverse rows : (1) that immediately 
behind the gill cover, (2) that below origin of first dorsal, (3) that 
originatin|l immediately behind posterior edge of first dorsal when the 
membrane is complete (not broken back) as in figure 1, (4) that 
originating below origin of second dorsal, (5) that originating imme- 
diately behind posterior edge of second dorsal, (6) that originating 
below origin of caudal (see odd scales in figure 1 on myd-dorsal line). 
The number of scales between these pins were then tabulated. The 
results of five of the fish chosen at random, as well as the two Tsingtao 
ilf. haematochilus are given in tabular form. It will be seen that 
there is a great deal of variation but that this variation is chiefly in 
two areas (1) that below and behind first dorsal, (2) the area flanking 
the hypural {date (posterior part of. caudal peduncle). 
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Distribution of Transverse Scale Rows 


Length 

’dT 

sub inter sub post 

D Dd d d 

M. haematochilus 

sum 

hypursi 

total 

555 mm. 

8 

5 

9 

6 

9 

37 

4 

41 

565 mm. 

7 

5 

9 7 

Af. cephalus 

10 

38 

4 

42 

316 mm. 1. 

9 

5 

7 

7 

8 

36 

3 

39 

r. 

9 

5 

8 

7 

8 

37 

4 

11 

312 mm. 1. 

9 

6 

7 

7 

7 

36 

4 

40 

r. 

9 

6 

7 

7 

7 

36 

5 

41 

296 mm. 1. 

10 

7 

6 

7 

9 

39 

4 

43 

r. 

9 

7 

5 

7 

8 

36 

1 

40 

290 mm. 1. 

9 

5 

6 

8 

8 

36 

3 

39 

r. 

9 

5 

6 

7 

8 

35 

4 

39 

265 mm. I. 

8 

6 

6 

7 

8 

35 

3 

38 

r. 

8 

5 

5 

7 

8 

33 

3 

36 


Ratios for these five specimens were: depth 4.33-4.75; head 4.0- 
4.4; eye 4.25-4.66; snout 3.66-4.0; mouth width 3.25-3.66; inter- 
orbital 2.25-2.4. The ratios for the two Tsinptao M. haematochilus 
were included by the preceding except the mouth which was 2.7. 

It should moreover, he specially pointed out that the above men- 
tioned points were located with the greatest care to secure uniformity. 
It was often difficult to decide just which .scale row was below the 
origin or immediately behind posterior edge of fin. The minute scales 
were disregarded. In one specimen the rows of one side did not 
correspond with the rows of the othtr side but alternated (were 
staggered). Furthermore it will be seen that the count for both sides 
varies m four cases out of five. In one case there were five scales 
in the lateral line of the third area but six furth^er up, in another 
there were ten scales on lateral line of first area but nine on the row 
just above it (it was counted as nine, plus an accessory). Thus it 
became obvious that these transverse rows were related to the position 
of the fins only in a very general way. 

However, for comparison with M. haematochilus, an average- was 
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worked out using the ten Tsingtao specimens. This is presented in 
figure 1 by uncovered numerals, while the corresponding figures for 
M. haematochUus are presented by numerals in parentheses. As the 
M. haematochilus counts are based on the two Tsingtao specimens, 
one of which was very irregular and the Asamushi specimens which 
were counted on a different basis, they should bear modification. The 
number of scales on “ lateral line flanking the hypural plate, do not 
include the slender scale figured as 42 in my 1920 paper, and which 
I usually counted at that time. 



Fig. 2. Ctenu of acales of M. crphabu at left, M. haematorhihu at risht. 


Scales (figure 2) 

Teeth (those of periphery) 

slender, 4.5 times as long as 
broad, sharply pointed, curv- 
ed 

with long, clearly defined cen- 
tral ridge 

separated by more than width 
of central ridge 

peripheral separated by flat * 
interspace 

Number of radii varies with age and 


a little over twice as long as 
broad, soon becoming doll- 
pointed, straight 
central ridge present only near 
apex 

almost to quite touching 
no flat interspace 
position on body. 
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SYSTEMATIC CONCLUSIONS. 

From the data on number of vertebrae and number of transverse 
scale rows, it is evident that there is no, at least direct, corelation 
between the two. Both species have twenty-three vertebrae (plus the 
hypural). In both, the radialia (pterygiophore) of the first dorsal fin 
originate behind the spine of the sixth vertebra, of the second dorsal 
fin behind that of the thirteenth. Thus the skeletal characters of both 
are very similar Yet the fins differ in the two species in relative 
position and the scale rows in numbers and disposition. Thus number 
of vertebrae, number and disposition of tran.sverse scale rows, and 
relative position of insertion of fins are specifically constant but in- 
dependent of each other —and may be independent specific (mutational) 
characters The Asamushi M cephalus had the first radialia of the 
dorsal fin inserted behind the spine of the seventh vertebra yet the 
first dorsal fins of these two equally large specimens of the two species 
were opposite, while the second dorsals, which were inserted behined 
the same vertebral spine (thirteenth) in both, was inserted 20 mm. 
in M. haematochilus bi-hind that of M. cephalus (and the anal 25 mm.). 
Thus although the first dorsal originated further back osteologically, 
in M. cephalus, the ratios of the fin interspace was normal. 

From the above data it will be seen that the two species are 
closely related differing chiefly in habits, development of adipose eyelid, 
number of anal fin rays, distance between dorsals, and relative size 
of scales-- for, although M. haematochilus has two longitudinal rows 
less than M. cephalus, in specimens of the same size the difference 
is seen to be made up in size of scale They appear very similar in 
the color pattern, number of vertebrae, point of insertion on vertebrae 
of second dorsal and anal fins, and the small difference in scale count 
(compared with other species). Thus we are confronted with two 
closely allied species, the range of the one being included in that of 
the other. In fact all species of mullet are included in the range of 
the one species M. cephalus. It is the writer’s opinion that M cephalus 
and M. haematochilus are very closely related phylogenically, having 
been .separated in man’s mind by undue emphasis on one structure 
which developes during the latest stage in development, i. e. the juvenile 
stage ! Furthermore, judging from the variability of the material at 
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band, the writer believes that the sperms of the one occasionally 
fertilize the eggs of the other. For instance the 565 mm. M. haemato- 
chilus had the foilowins characters of M. cephalus though otherwise 
typical : slender build and slender peduncle (smaller than base of second 
dorsal), rows of scalers above lateral line on left side and partly on 
right side, likewise an extra row lielow lateral line and extra rows on 
belly region, the scales being smaller, as if a regular row had split 
to form a double row, for longer or shorter distances, differing on 
the two sides of belly. 

GROWTH AND MIGRATION 

In this study it must l>e borne in mind that the same methods of 
study are used as outlined on pages 210-211 (1). For exact com- 
parative work, scales must be taken from exactly the same spot on 
the fish, as the number of circuli vary in scales taken from different 
places. 

The 419 mm. specimen of M. cephalus taken July 11th had a 
lateral circuli formula of 1.? * 44-1-24 which is very similar to Carolina 
mullets (p. 221) taken in October. This might indicate that the gonads 
developed earlier in the Japanese specimens. 

The 241 mm. specimen of M. haematochtlus taken the same day 
had a formula of 1.? 4- 20 + 204-20 (average of four scales). A glance 
shows that this corresijonds to that of M. cephalus if the first two 
twenties are added, giving l.?+40 + 20. In other words M. haemato- 
chilus has a definite, rapid fall migration (contrasting with the leisurly 
fall migration of M. cephalus which does not interrupt growth) which 
so interrupts growth as to break the circuli ; and having four circuli 
less than M. cephalus either adds them more slowly (though the scale 
is larger) or migrates a month later, i. e. early May (if growth of 
scale and fish are approximately equal). The two Tsingtao specimens 
had an average formula of 1.7 + 26+12 + 10 (655 mm.) and 1.7+15 + 
14+11 (565 mm.). Thus again one is confronted with the pheno- 
menon of two migrations per annum thought not at such regular intei-- 
vals as the Asamushi specimen.' 

The four young taken on the 11th of July had twelve to eighteen 
(average fourteen) postlinea circuli. If the rate of accretion of circuli 
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IS equal to that of M cephaltts (i. e. about five per month) this would 
indicate that they had grown three and a half months since migration 
or had migrated in mid-April. As the record of the single adult 
indicates an early May migration, one may hold, as a working hypo- 
thesis, that M. haematochilus migrates to northern Jajian near the 
end of April. 
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